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A STATISTICAL-DYNAMICAL MODEL FOR
FORECASTING COLD AIR STRATOCUMULUS OVER
THE YELLOW SEA
Harold Lloyd Massie, Jr.

ABSTRACT

A statistical-dynamical model is presented for
forecasting the areal amount of cold air stratocumulus
within a gridded area over the Yellow Sea. For short-
range applications, the model is found to offer signifi-
cant improvement over methods based on persistence and
climatology. For forecasts of 12 hours, the model accuracy
is 68% for a 0-class error and the skill score is 32% with
respect to persistence.

-Satellite pictures from NOAA-6 are used in satis-
cally analyzing cloud amounts from November 1981 through
February 1982. Cloud amount (N), defined as the amount of
stratocumulus cloud field within the gridded area, 1is
related to stability and relative humidity in the boundary
layer. Stability is given by the "boundary layer stability
parameter," a quantity based on 850 mb height and temperature
and the sea surface temperature. The statistical analysis
yields regression equations which are used in a stepwise
fashion to predict N. These are combined with a
Lagrangian model to complete the statistical-dynamical model.

The Lagrangian model simulates the modification of

continental polar air to maritime polar air. Predictors
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for the empirical equations are obtained from the numerical
simulation. Key variables, such as the 850 mb temperature
and relative humidity, were found to agree well with obser-
vations. The sensitivity of the simulation to simplifying
assumptions is investigated. The model is sensitive to

variations in the range of vertical velocity and entrainment

rate.
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A STATISTICAL-DYNAMICAL MODEL FOR
FORECASTING COLD AIR STRATOCUMULUS OVER
THE YELLOW SEA
Harold Lloyd Massie, Jr.

ABSTRACT

A statistical-dynamical model is presented for
forecasting the areal amount of cold air stratocumulus
within a gridded area over the Yellow Sea. For short-
range applications. the model is found to offer signifi-~-
cant improvement over methods based on persistence and
climatology. For forecasts of 12 hours, the model accuracy
is 68% for a 0-class error and the skill score is 32% with
respect to persistence.

Satellite pictures from NOAA-6 are used in satis-
cally analyzing cloud amounts from November 1981 through
February 1982. Cloud amount (N), defined as the amount of
stratocumulus cloud field within the gridded area, is
related to stability and relative humidity in the boundary
layer. Stability 1is given by the "boundary layer stability
parameter,” a quantity based on 850 mb height and temperature
and the sea surface temperature. The statistical analysis
yields regression equations which are used in a stepwise
fashion to predict N. These are combined with a
Lagrangian model to complete the statistical-dynamical model.

The Lagrangian model simulates the modification of

continental polar air to maritime polar air. Predictors
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for the empirical equations are obtained from the numerical
simulation. Key variables, such as the 850 mb temperature
and relative humidity, were found to agree well with obser-
vations. The sensitiQity of the simulation to simplifying
assumptions is investigated. The model is sensitive to

variations in the range of vertical velocity and entrainment

rate.

T : i




ACKNOWLEDGEMENTS

The author's graduate program was sponsored and
financed by the Air Force Institute of Technology, United
States Air Force.

I wish to express my appreciation to the following
individuals for their part in this endeavor:

To my committee chairman, Dr. Michael Garstang,
for his encouragement in all phases of this study and his
advice in the preparation of this manuscript; to my other
committee members, Drs. Stephen J. Colucci, Bruce P. Hayden,
and Mahlon G. Kelly, for providing many helpful suggestions
during the research phase of this study.

To Drs. Robert H. Simpson, Patrick J. Michaels, and
Charles Warner for reviewing this manuscript.

To site superintendents, Senior Master Sergeant Dick
Pace and Master Sergeant John Sutton, and the technicians
at Defense Meteoroclogical Satellite Site 17, Osan Air Base,
Korea, for maintaining a nearly continuous flow of satellite
imagery in the face of sometimes extreme hardware problems.
To Colonel John W. Diercks, Lieutenant Colonel Michael J.
Fox, Majors William E. Normington and David L. Wilson, and
Chief Master Sergeant Earl Rook for their encouragement and
assistance in collecting data.

To my wife, Donna, and my children, Courtney and

Emily, for their sacrifices, love, and understanding.

iii

!L
|




iv
To the H. Cloyes Staines family of Seoul, Korea for
their hospitality and encouragement.
Finally, to Mary Morris, for her fine typing of this

manuscript and invaluable assistance in coordinating my

defense.

i
I




TABLE OF CONTENTS

Page
ABSTRAC T . s et veeevannnsonanonanoensanennnessnnnnnnas i
ACKNOWLEDGEMENTS e v v vvvvvnnnnn. et ettt iii
TABLE OF CONTENTS..eveevevensn et eeteeee e v
LIST OF FIGURES. .vveueuens. ettt reneeaa Cenee e viii
LIST OF TABLES. ivtvecncennesonennnnn e aaraeeaas xit
CHAPTER 1: INTRODUCTION. v aeervrennnnnonnnnnnnanns 1
CHAPTER 2: BACKGROUND.....e.... e cenn 8
A. THEORY ON CELLULAR CONVECTION.......... 8
B. ATMOSPHERIC CELLULAR CONVECTION........ 12
C. AIR MASS MODIFICATION. ..vveervunnnnnenns 16
D. BOUNDARY LAYER MODELS..:vvvenennennenens 20

E. SATELLITE STUDIES OF MESOSCALE
CELLULAR CONVECTION. .. uveueeueneenanens 22

F. STATISTICAL-DYNAMICAL FORECAST METHODS. 23

G. FORECAST VERIFICATION METHODS.......... 26
CHAPTER 3: THE MODEL. 2 v e e v vavoovovosocsocssosoennsosss 27
A. CONCEPTUAL BASIS. ...ttt ceereccacoannnans 27
B. TENDENCY EQUATIONS. ...t veesecencocsaass 32
1. TemperatUre.....ceceeeeeeccscnossos 34

2. Humidity...... tes e et e e e 37

C. LAGRANGIAN FORECAST MODEL....ceceveaans 38
1., PUurpOSe....i.creieeiccnacosccnccncs 38

2. Assumptions and Approximations..... 38

3. Entrainment.......cccieecenecnncens 44

4. Large-Scale Vertical Motion........ 45

S. Numerical Methods.......ciceeeeeeenn 46




vi

Table of Contents (cont.)

Page
D. STATISTICAL-DYNAMICAL FORECAST

MODEL........... Ceenens e et . 48
1. Purpose..... Ceen e ceeceseseneans 48
2. Assumptions....... ceseecsseeas s 48
3. Empirical Equations.........ce.c... 49
CHAPTER 4: DATA AND ANALYSTIS. . uivecereacsnsceesccnns 50
A. DESCRIPTION OF TEST AREA......cccc.. .o 50
B. ANALYSIS OF SATELLITE DATA......eevess 52

C. ANALYSIS OF SURFACE AND UPPER AIR
DAL A .. it st i eeteenesosnssesnncsanscscsas 56
D. STATISTICAL ANALYSIS. .. et eeecovescneas 59
1., PUIPOSE.ivceuineecconssnccssssconas 59
2. Linear Regression Analyses...... . 59
3. Probability AnalyseS.....vecee.. . 67
4. Outbreak Histories.........ceeeens 76
CHAPTER 5: RESULTDS .t vt tcececeeeesvsceocansecnansonns 82
A. METHOD OF TESTING.....cettevcooavacens 82
B. MODEL INPUT....civcecocssacoconns Ceeee 83
C. VERIF;CATION OF 12-HOUR FORECASTS..... 83

D. VERIFICATION OF 18-HOUR FORECASTS..... 88

E. VERIFICATION OF 24-HOUR FORECASTS..... 88

CHAPTER 6: CONCLUSIONS.......c... ereeoseones N 96
REFERENCES. .. cseevceeranncas ceesesessssncscnnn «e.. 100
APPENDICES

A, METHOD OF ESTIMATING VERTICAL
VELOCITY...0o.w. eresesecsess oo e... 106

B. SEA SURFACE TEMPERATURE CLIMATOLOGY
CHARTS FOR THE YELLOW SEA.......... R B

C. DEVELOPMENTAL DATA FROM NOVEMEBER
1981 THROUGH FEBRUARY 1982............ 120




vii

Table of Contents (cont.)

Page
D. SOUNDINGS OF TEMPERATURE ANND DEWPOINT
TEMPERATURE. s v e v v v e eww cteosccnne s et ec oo 129
E. COLD AIR STRATOCUMULUS OUTBREAK
HISTORIES. . ot enenanonscacans ceecans e 141
F. DESCRIPTION OF COMPUTER PROGRAM
KORANL .t e cveoenvesesecssoaaonsoanssoncns 148
F.1 An Outline of the Information
Flow and Computer Operations
Within KORANL..ev.ovevnenne cecacena 148
F.2 Description of Parameters 1lnput
tO KORANL ... ittt it v neeveacsnenoca 151
F.3 Description of Output Parameters
from KORANL. ¢es et eveoeoesoscsasas . 152
F.4 Comparison of KORANL Output to
ObsServationsS..cveveceasocecansesss. 153

.5 Program Listing and Sample Output. 155

F.6 Sensitivity of Numerical Results
to Approximations Regarding
Entrainment, Radiation and
Vertical Velocity...c.eov... s e 160

G. FORECAST RESULTS...t.cetteeonerenaancns 188

H. EXAMPLE OF SNOW FORECAST FOR SEOUL,
KOREA. . it tetecrteeecenescsanscesaossons 233

fm e o e = -




LIST OF FIGURES

Page

Figure 1: Gridded area used in analyzing the

areal amount of cold air stratocumulus.. 7
Figure 2: 1Illustration of the nature of free

surface deformations for surface

tension-driven Bénard cells and

buoyancy~-driven Rayleigh cells

(adapted from Moyer, 1976; Agee et al.,

R . Crtsseraaseeas 11
Figure 3: Infrared satellite picture from NOAA-7

on 1 December 1981 at 1057 GMT

(ascending node at 130.4°E) ..t eeieccnnn 18
Figure 4: Transformation of cP air to mP air

(after Burke, 1965; Haltiner and

Martin, 1957) . ..ceeeit et iinnenancncaans 19
Figure 5: Modification of Burke's figure to show

temperature inversion capping the

planetary boundary layer........ceeee.. 21
Figure 6: Gridded test area and fixed point used

in statistical analyses and in model

testing..eeeeeeroccoasnns s e s aseenesanan 29
Figure 7: Conceptualization of the three steps

in the proposed method for forecasting

cold air stratocumuluS...eeccevceeccecns 33

viii




ix
List of Figures (cont.)
Page
Figure 8: Approximation of entrainment rate

(we) from the stability parameter for

maximum entrainment conditions (RH >
80%) eeeuane tec et nsso e aa c it e s cansesanns 43

Figure 9

Approximation of entrainment rate
(we) from the stability parameter for
minimum entrainment conditions (RH <
B0 ) et venoesoesasaansannoacsasnoncnons 43
Figure 10: Network of upper air observing

stations surrounding the Yellow Sea... 51
Figure 11: Infrared satellite picture from NOAA-

6 on 1 December 1981 at 0000 GMT

(descending node at 114.5°E)....c..... 54
Figure 12: Visual satellite picture from NOAA-6

on 1 December 1981 at 0000 GMT

(descending node at 114.5°E).......... 55
Figure 13: Representation of idealized sounding

showing the structure of the atmos-

pheric boundary layer before and

after the modification of continental

polar air to maritime polar air....... 58
Figure 14: Scatter diagram and linear regres-

sion analysis of cloud amount (N} and

stability parameter (y)...... et e 61
Figure 15: Frequency distribution of the

residuals of N from the regression

equation for N and Yeeeeeeeoeosooesanss 63




X
List of Figures (cont.)
Page
Figure 16: Scatter diagram and linear regres-
sion analysis of cloud amount
residuals (AN) and model output 850
mb relative humidity.....ceceeieneean.. 66
Figure 17: Cumulative frequency distribution of
N for class interval of N=l.....cc0ev.. 68
Figure 18: Cumulative frequency distribution of
N for four class intervalsS............. 69
Figure 19: Cumulative frequency distribution of
Y on days when the test area is not
obscured by middle or high clouds...... 71
Figure 20: Cumulative frequency distribution of
Y When N=9 . ... it ittt ieerneeenneoncnnsens 73
Figure 21: Ogive for median value of y when N=9,.. 74
Figure 22: Cumﬁlative probability histogram of
N=9 as a function of y......cvun... 75
Figure 23: Cumulative probability histogram for
AN < 0 as a function of model output
850 mb relative humidity.............. . 79
Figure 24: Cumulative probability histogram for
AN ~ 0 as a function of model output
850 mb rclative humidity....e.ovueenn... 80

Figures Al-7: Map types for estimating vertical

velocity..coveveeannn c i et r et e e 108

)
|
|
|




List of

Figures

Figures

Figures

Figures

D1-11:

El1-11:

xi

(cont.)
Page

Sea surface temperature clima-
tology for the Yellow Sea.......... 113
Soundings of temperature and
dewpoint temperature...... ces e 130
Cold air stratocumulus outbreak
histories...... e eersses et 142

e e g—————




Table

Table

Table

Table

Table

Table

Table

Table

Table

5a:

5b:

5c:

5d:

6a:

LIST OF TABLES

Page
Method of approximating entrainment
rate...... Ceceeereeaas e Ceeeec e 45
Data for analysis of residuals using
model output for 850 mb relative
BUMIAitY . ceeetoionenseeceoaosnscnnsoenns 64
Cumulative frequency distribution of
N=9....0.0... et e ae st eae et 72
Cumulative probability on N=9 as a
function of y............ cee et enae e 72
Probability of N=9 at the end of 12
and 24 hours i1f N is currently 9........ 77
Probability of N=9 at the end of 12
and 24 hours if N has been 9 for 12
hours......ceeeeeeecen.. cheee e 77
Probability of N=9 at the end of 12
and 24 hours if N has been 9 for 24
hours...... e et ee e eese et 77
Most probable category of N for {irst
observation following N=9 (based on
12 CaSCS) e eeesocenn et et eeaes e e 77
Probability of AN ~ 0 as a function of
model output 850 mb relative humidity
(RH) v et ienoenn e ae e e eset e 78

xii




r————

xiii
List of Tables (cont.)
Page 1
k Table 6b: Probability of AN < 0 as a function
of model output 850 mb relative
humidity (RH)..eoe i iienecnnenncenns 78
Table 7: Verification of 12-hour forecasts.... 84
Table 8a: Contingency table for 12-hour model
forecasts..iierniiiriiiinaann cereanas 87
Table 8b: Skill of 12-hour model forecasts
with respect to persistence, clima-
tology, and chance (based on 40
forecasts) . veeneinieinne s nnonnnnes 87
Table 9: Verification of 18-hour forecasts.... 89
Table 10a: Contingency table for 18-hour model
forecasts....oiiinin.. cree s e e 91
Table 10b: Skill of 18-hour model forecasts with
respect to persistence, climatology,
and chance (based on 40 foreccasts)... 91
Table 11: Verification of 24-hour forecasts.... 93
Table 12a: Contingency table for 24-hour model
forecastsS... ettt 95
Table 12b: Skill of 24-hour model forecasts with
respect to persistence, climatology,
and chance (based on 40 forecasts)... 95
Tables Cl-8: Developuental data from November
1981 through February 1982........... 121

.4..-1,_.__7.;




List of Tables (cont.)

Table F.1l:

Page
Comparison between 850 mp tempera-
ture and boundary layer stability
parameter predicted by KORANL

observations.......ceeieieneees e e 154




CHAPTER 1

INTRODUCTION

Cold air stratocumulus is a name often used for the
. mesoscale convective clouds covering large areas of the
western Atlantic and Pacific during winter. These clouds
are the products of air-sea interaction as the atmospheric
boundary layer is heated and moistened by the ocean.
Clouds of this type occur frequently over the Yellow Sea

and along the west coast of South Korea during the north-

west winter monsoon. Often accompanied by locally heavy

snow with low ceilings and restricted visibilities, these
clouds create hazardous conditions for all aviation. Thus,
their effect on U.S. Air Force facilities and operations
in Korea is of particular concern to the Air Weather
Service (AWS).

There are few references on operational techniques
for defining areas of marine stratocumulus development. The
30th Weather Squadron (30WS) Local Analysis and Forecast
Procedures (LAFP) (U.S. Air Force, 1982) discuss this prob-
lem from the traditional viewpoints of continuity, persis-
tence, and rules of thumb. Continuity and persistence
involve the use of pictures from meteorological satellites

to follow the movement of and changes in the stratocumulus

cloud field. However, this approach is not applicable
unless clouds arec already present, leaving unsolved the

forecast problems associated with the onset of cloud activ-
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ity. Rules of thumb, based on case studies, mostly rely
on forecasts of air-sea temperature differences to aid
forecasts of developing stratocumulus. Either the surface
or the 850-mb temperature is chosen for this purpose. The
main weakness of these rules of thumb is the lack of a way
to quantify the effects of diabatic processes on the temp-
erature of air flowing over the sea. 1In most cases the
forecaster can only guess how much warming will occur.
Temperature changes associated with diabatic heating often
cause significant errors in forecasts based on rules of
thumb.

Numerical forecast products from the AWS primitive
equation model (PE) are readily available to units in
Korea. PE forecasts of the 1000-to-500 mb thickness
field often help in tracking the movement of cold air
masses, but problems arise when one attempts to apply this
information to timing the onset or extent of stratocumulus.
Because no statistical relationships have been developed
between cold air stratocumulus activity and the PE output,
the forecaster cannot be certain of the thickness value
associated with cloud development. Other products, derived
either totally or in part from the PE, furnish area fore-
casts of low clouds over the Yellow Sea. However, these
products often perform poorly for stratocumulus because of
the PE's rather broad handling of diabatic processes.
Therefore, one concludes there is a need for an effective

method of determining areas of marine stratocumulus develop-




ment during cold air outbreaks.

A primary goal of meteorological satellite reselrch
has been to obtain quantitative information about conven-
tional atmospheric parameters by using satellite cloud
imagery. For example, Rogers (1965) presented a technique
for estimating low-level wind velocity from satellite
photographs of cellular convection. More recently, Chou
and Atlas (1981) developed a means of estimating ocean-

air heat fluxes in cold air outbreaks by measuring the

displacement of stratocumulus cloud lines. Other studies,
many cited by Anderson et al. (1969), have shown correla-
tions between certain recurring cloud patterns and recurring
atmospheric conditions. Included among these is the pre-
ferred occurrence of cold-air stratocumulus cloud lines to
the east of the continents in cold, dry air advancing ahead
of an intense anticyclone. Krueger and Fritz (1961) sug-
gested that such activity is promoted by air-sea interac-
tion. The ocean, acting as a source of heat and moisture,
rapidly modifies the invading cold air and causes the
planetary boundary layer to become convectively unstable.
Both the horizontal and vertical extent of the
stratocumulus cloud field depend upon the vertical structure
of the boundary layer. Certain similarities with laboratory
experiments on cellular convection in a fluid heated from
below supply guidance in the selection of parameters for
statistical studies of the atmospheric version of this

phenomenon. If correlations exist between these parameters
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and cloud coverage, as seen in a defined area on satellite
pictures, then one can develop empirical equations for
stratocumulus activity.

Application of the statistical relationships requires
a means of forecasting the needed atmospheric parameters.
This problem is not trivial. Again, the main problem is
diabatic heating. Air modification over the Yellow Sea
leads to forecast errors if parameters are based on simple
extrapolation of variables from local weather charts or if
they are extracted from the PE.

This thesis will present another approach to the

: problem of forecasting the required parameters. Predictors

will be generated by a simple two-layer Lagrangian model
that uses tendency eguations to numerically simulate the
effects of diabatic processes on temperature and humidity
in the boundary layer. This method is inspired by the con-
siderable effort devoted by other researchers to increasing

the knowledge of processes involved in oceanic boundary

layer modification. Since the chief aim of this research

is not a theoretical investigation of the boundary layer but
rather to apply the existing theory to the development of a
practical forecast tool, the model presented here simplifies
the more complex Lagrangian models from which it borrows.

‘ The statistical-dynamical methods of weather fore-

i casting are objective techniques which apply statistical

L relationships between a predictand and one or more predic- H

.

.

tors. Panofsky and Brier (1968) have classified these

methods:




1. Linear reoression or multivle discriminant
analvsis.

2. Successive graphical regression.

3. Stratification.

4. Residual method.

5. Mixed methods.

The residual method is used in this study.

From the turbulent-radiative theory of organized
cellular convection (Oliver et al., 1978) a stapility para-
meter based on the sea surface-to-850 mb temperature lapse
rate is chosen as a predictor. The correlation between
cloud amount in a defined study area and the stability
parameter is investigated by linear regression analysis.
Model output is used in analyzing the residuals. The
correlation between the residuals and the model output
850 mb relative humidity is likewise determined by linear
regression.

In this study cloud amount always refers to the
number of 1° latitude by 1° longitude grid cells at least
half filled by part of a stratocumulus cloud field located
within an area extending from 34 to 37°N and from 123 to
126°E (Figure 1). Both theory and observation show that
the spacing between cloud lines is small compared to their
width and length. Thus, the spacing between lines is
disregarded in counting cloud amount.

The purpose of this theslis is to develop a simple
statistical-dynamical model for snort-range forecasting of
cold air stratocumulus over the Yellow Sea and to test

their model by usina satellite imagery. The model testing
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6
covers forecast periods of 12, 18, and 24 hours. The skill
of the model is evaluated with respect to chance, clima-
tology, and persistencg. Another objective of this research
is to present the statistical climatology of cold-air strato-
cumulus during the period of November 1981 through February
1982. The results of the statistical analyses leading to i
the development of the empirical forecast equations are

included. This study suggests that the forecast model has

value as an applied forecast tool and that it is suitable

for use on a microcomputer in small weather units.
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Figure 1. Gridded areca used in analyzing the
areal amount of cold air stratocunmulus.
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CHAPTER 2

BACKGROUND

A, THEORY ON CELLULAR CONVECTION

Since the beginning of the meteorological satellite
program in 1961, satellite pictures have revealed that vast
regions of organized cellular convection occur over the
oceans. Although the existence of this phenomenon in the
atmosphere is a relatively new observation, the systematic
study of cellular convection in gaseous and liquid media
began early in this century.

Bénard's classical experiment in 1901 stimulated

subsequent research leading to recent progress in the

understanding of atmospheric cellular convection (Agee et al.,

1973). Working with a very thin layer of liquid heated
uniformly from below, Bénard induced instability in the
fluid. The initially motionless fluid layer then resolved
itself into convective cells, each exhibiting rising motion
at its center and sinking motion at its common boundary with
adjacent cells. Bénard observed two phases of convection.
One was described as a short-lived "semi-regular regime"
whereas the other consisted of a permanent regime of
regular hexagons.

Brunt (1951) describes a simple experiment for simu-

lating cellular convection. A thin layer of gold paint 1is
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poured into a shallow layer in a container. The evapora-

tional cooling at the surface of the volatile liquid pro-
duces instability, causing the suspended gold-colored
flakes to organize into cellular patterns. Each cell has
relatively clear and opaque areas corresponding to a rising
core and a sinking boundary, respectively.

The term "Bénard cell," the type of convection
observed in Brunt's paint experiment, has caused some con-
fusion in the meteorological literature. The misinterpre-
tation is largely because Bénard's experiments, as well as
Brunt's, deal with a different phenomenon in a different
medium (Agee et al., 1973). Bénard cells occur in shallow
liquids and are driven by surface tension gradients on the
free surface. Cellular convection in the atmosphere is
driven by buoyancy.

The theoretical study of buoyancy-driven convective
cells began with Rayleigh (1916), who determined the cri-
terion for their existence. This criterion states that
cellular convection occurs when the density at the top of
the fluid layer exceeds that at the bottom by an amount that
varies directly as the molecular heat conductivity and vis-
cosity, and inversely as the cube of the depth of the fluid.

Agee et al. (1973) recommended proper nomenclature
for the two distinctly different physical processes responsi-
ble for natural cellular convection. "Bénard cells" should

indicate surface tension-driven cells in liquids with ascend-

ing motion but a depressed free surface at the cell center.
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"Rayleigh cells" should indicate all buoyancy-driven convec-
tive cells. Rayleigh cells may have downward or upward
motion at cell center. In Rayleigh cells the fluid surface
is elevated above the rising motion and depressed above sink-
ing motion. Figure 2 has been adapted from Agee et al. (1973)
and Moyer (1976) to illustrate the two types of cells.

Other research (Graham, 1933; Chandra, 1938; Avsec,
1939) was prompted by the work of Bénard and of Rayleigh.
Bénard had suggested that certain cloud patterns in the
atmosphere might be similar to the cellular patterns
observed in unstable liquids. Thus, it is not surprising
that efforts were made to link experimental observations to
the atmosphere. In their experiments, researchers induced
thermoconvective cellular patterns in smoke-laden air con-
fined within a suitable container. The air inside was
destabilized by heating from below.

The Rayleigh criterion predicted the onset of convec-
tive behavior if the vertical gradients in temperature and
density reached the critical threshold. It was shown that
the fluid mixture broke into a series of polygonal cells if
no shearing motion in the vertical was present. By intro-
ducing shearing motions into the chamber, researchers
artificially produced longitudinal rolls in the flowing
medium. These rolls exhibited helical motion. The equations
governing this flow are very complex and embrace the com-
bined effects of viscosity, buoyancy, and vorticity on the

fluid. Extensive discussions of the classical laboratory

experiments and the theoretical investigations of Rayleigh
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on fluid instability may be found elsewhere, e.qg., Agee

et al., 1973; Graham, 1933; Chandra, 1938; Avsec, 1939.

B. ATMOSPHERIC CELLULAR CONVECTION

Meteorological satellites have added a new dimension
to the study of organized convective cloud patterns in the
atmosphere. These platforms allow meteorologists to study
cloud organization and behavior not previously observable
from the ground. The basis for systematic study of atmos-
pheric cellular convection is readily suggested by certain
similarities of the cloud patterns to those obtained in the
laboratory experiments.

In one of the first reports on satellite observa-
tions of cellular cloud patterns, Krueger and Fritz (1961)
noted that significant differences exist between atmos-
pheric cellular convection and that produced in experimen-
tal chambers, despite their strikingly similar appearance.
These differences involve scale, structure, heat conduction,
viscosity, latent heating, and the spatial variation of
heating. The first two can be used for illustration. In
the experimental chambers, the diameter-~to-depth ratio of
the convective cells is on the order of 3-to-1l. In the
atmosphere, values of up to 10 times this amount are seen.
Cells observed in the laboratory show a very simple scale
and structure. The walls of the cells observed in the
atmosphere actually consist of individual cloud clements,
their presence indicating several interacting scales of

motion. Nevertheless, the classical theory has provided
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important guidance toward a more complete understanding of
organized atmospheric convection.

Observation and‘study of the banded structure of

atmospheric cellular convection have been enhanced by

meteorological satellites. There is some confusion in the
literature over the terminology for these bands. Many
writers use the terms "cloud band”, "cloud line", and
"cloud street" interchangeably. This thesis will follow
the AWS definitions (Anderson et al., 1969). According to
these, a cloud band is a continuous cloud pattern having a
width of at least 60 nautical miles and a length-to-width
ratio of at least 4-to-1; a cloud line is a continuous

cloud pattern, less than 60 nautical miles in width, and

comprised of cloud elements which appear connected on the
satellite picture; and a cloud street is a cloud pattern
of less than 60 nautical miles in width comprised of cloud
elements which do not appear to be connected on the
satellite picture.

Kuettner (1959) mentions that glider pilots have
supplied much information on cloud street structure. They
have observed that a combination of thermal convection and
strong winds occur in cloud streets. The pilots take advan-
tage of the tedious circling technique in the columnar
thermals for a comfortable tailwind flight. Sea gulls have
also enjoyed this method of travel for millions of years.

The cumulus tops of the cloud streets have a definite

ceiling, indicating the existence of a temperature inversion
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that restricts the vertical motion to a well defined layer.
Mountains tend to disturb rather than create cloud streets,
hence providing a possible reason why they are best developed
over the oceans. The vertical motion consists of updrafts
under the cloud base and of downdrafts in the space between
bands. The accompanying horizontal winds show strong curva-
ture of wind speed profile in the vertical and contain a
maximum within the convective layer. There is very little
indication of uniform speed. The variations of wind direc-
tion with height are quite small. In most cases the wind
speed in the lower part of the layer is considerably higher
than normal and at times a jet-like wind maximum appears
near the ground. The stable layer is typically located at
about 2 km above the ground (Kuettner, 1959).

Kuettner also describes the synoptic situation
associated with the development of oceanic extratropical
cloud streets. 1In most cases they occur during outbreaks
of polar air advancing over warm water. An intense, cold
anticyclone is usually found on the surface analysis in the
area affected. The low level wind trajectories extend from
the cold air toward the warm water.

The presence of a temperature gradient along the wind
flow calls for a decreasing pressure gradient with height.
By the time the 700 mb level is reached, not much evidence of
a surface high is found. If it were not for friction, the
observed winds would have a maximum speed at the surface.

Cold air advection, indicated by the temperature gradient
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along the flow, requires the winds to back with increasing
height. However, the small variation of wind direction with
height causes the upper geostrophic wind vector to line up
with that of the wind-in the lower frictional flow. The
curved wind speed profile exists because of the decrease in
friction with height in the lower part of the layer and the
decrease in thermal wind speed near the top of the layer.

Krueger and Fritz (1961) studied the vertical struc-
ture of the boundary layer in regions of cellular convection.

They concluded that the lapse rate becomes nearly dry adia-

batic in a layer of moist air being heated at the ocean

surface. Over this layer lies another of greater stability,
serving to inhibit convection. Throughout the convective
layer, there are only small variations in wind speed and
direction above the part influenced by surface friction. The
buoyancy of the cumuliform clouds arises partly from the
heating of the air at the surface. It was noted that radia-
tive cooling at the cloud tops also contributes to desta-
bilization of the boundary layer.

Faller (1965) investigated the conditions leading to
the development of longitudinal convective rolls. He showed
that convection in the turbulent Ekman layer would take the
form of stationary roll vortices caused by shear instability

in the vertical wind profile. These could then generate

clouds if the relative humidity were high enough. The
longitudinal axis of these rolls would have a horizontal
orientation between the direction of the surface wind and

that of the upper geostrophic flow. LeMone (1973) showed
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that buoyancy, in addition to vertical wind shear insta-

bility, was needed in order to maintain longitudinal rolls.

C. AIR MASS MODIFICATION

Air masses are vast bodies of horizontally uniform
air. They may be modified either by thermodynamic or
mechanical processes. Thermodynamic modification involves
the transfer of heat and moisture between the bottom of the
air mass and the surface over which it moves. The extent of
modification depends upon the original characteristics of
the air, the characteristics of the underlying surface, the
air trajectory, and the length of time the air is subjected
to change (Trewartha, 1968).

In winter, the general direction of airflow over the
Yellow Sea is dominated by the northwest winter monsoon,
prevailing over all eastern Asia. During this period, the
surface winds appear to originate in a cold anticyclone
centered in the Lake Baikal area of Siberia. At its source
over the continent, the northwest monsoon is extremely cold,
dry, and stable. The seaward advance of this air is not
always steady but is in the form of nonperiodic surges.
This behavior suggests that the anticyclone is fed at
higher levels by expulsions of artic air moving southward
on the rear of deep upper tropospheric troughs (Trewartha,
1968).

The magnitude of the Asiatic winter monsoon is a
consequence of Asia's size and topography. Because the

monsoon remains so fully developed throughout the winter,
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the western Pacific probably has the earth's highest fre-
quency of cold air outbreaks and of episodes involving the
modification of continental polar (cP) air to maritime
polar (mP) air.

As cold, dry air streams off the continent, it
immediately undergoes modification due to air-sea inter-
action. The exchange process causes heat and moisture to
be transferred from the sea to the air at the air-sea
interface. The well known result of this activity is the
development of cold air stratocumulus in the convectively
unstable boundary layer.

Figure 3 is a satellite picture from NOAA-7 on 1
December 1981. It shows organized cellular convection in

the form of lines of cold air stratocumulus over the Yellow

Sea and East China Sea. The downstream changes in cloud
pattern from longitudinal convective rolls into polygonal
cells are caused by air mass modification and changes in
the vertical wind structure. This behavior has been dis-
cussed by Hubert (1966).

Many studies have been published on the modification
of cP air over warm bodies of water, e.g., Lettau (1944),
Craddock (1951), Manabe (1957, 1958), Ninomiya (1972},
Lenschow (1973), and Henry and Thompson (1976). Most of
these have focused on surface heat fluxes.

Burke (1945) investigated transformation of cP air
to mP air by using a semi-empirical method. He divided the

boundary layer into three parts (Figure 4). The bottom layer
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Ficure 4. Transformation of cP air to mP air.
(After Burke, 1945; Haltiner and Martin,
1957).




20
extended from the surface to 15 meters and had the steepest
moisture and temperature gradients. The second layer was
between 15 meters and the cloud condensation level (CCL).
It had nearly constané values of potential temperature and
specific humidity. The third layer began at the cloud con-
densation level and extended upward into the cloud layer.
It had nearly constant values of equivalent potential
temperature. Burke's figure represents the vertical struc-
ture of the boundary layer during episodes of cold air
stratocumulus if a capping inversion or stable layer is

added above the boundary layer (Figure 5).

D. BOUNDARY LAYER MODELS

Lagrangian models have been developed to simulate
the behavior of the cloud-topped planetary boundary layer
Lilly (1968), Deardorff (1976), Schubert et al. (1979},
Stage (1979), Albrecht et al. (1979), Randall (1980), and
Stage and Businger (198l1). These models simulate changes
in the layer with time in air flowing over the ocean. They
have greatly improved understanding of the dominant pro-
cesses in air mass modification. These models use the bulk
aerodynamic method to specify surface heat fluxes. They
mainly differ in their treatment of radiative fluxes and
entrainment. For simplicity, they all assume a characteris-
tic vertical structure for the boundary layer.

Stage (1979) developed a model especially for cold
air outbreaks over water. He assumed that the initial

characteristics depended upon the past history of the air

-
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and the synoptic weather pattern. Since the air is

initially much colder than the water, an extremely unstable

layer forms near the surface and grows rapidly in height

as the air moves fartﬂer offshore. After a few kilometers,
this layer becomes the PBL and is well mixed from the sur-
face to the capping inversion. As this layer warms and
moistens its depth grows slowly by turbulent entrainment

of air from the inversion layer. Eventually the air is moist
enough for clouds to develop near the top of the layer.
Once clouds form, latent heating and radiative cooling of
the cloud layer influence the boundary layer energetics.
Stage chose to neglect solar radiation in his model. Other
important features of Stage's model include:

1. Radiative heat loss near the cloud top occurs
entirely within the mixed layer.

2. Turbulent kinetic energy produced by buoyancy
is the driving mechanism for entrainment.

E. SATELLITE STUDIES OF MESOSCALE CELLULAR CONVECTION

From the earliest days of meteorological satellites,
it was clear that these platforms would greatly enhance
studies on cloud behavior. Regions from which observations
were not previously available are now monitored by satellites.
The result has been an ever-increasing awareness of organized
cloud patterns not observable from the ground. Satellite
pictures have improved the geographic coverage of cloud
data, yielding what one might call a climatology or meso-
scale cellular convection (Agee et al., 1973). The recog-
nition that cold air stratocumulus preferably forms cast of

the continents in outbreaks of cold air is one example.
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Analysis of satellite pictures provides three basic
types of information about clouds: amount, type, and
pattern. 1t is sometimes possible to determine specific
modes of atmospheric Behavior such as Rayleigh convection
and longitudinal roll vortices.

Satellite pictures have shown that counter-rotating
longitudinal rolls are the preferred convective mode for
cold air stratocumulus in some regions including the
Yellow Sea. The pictures provide evidence of air rising
along the axis of each roll and sinking in the clear area
between rolls. In most cases, the upwind edge of the cloud
field roughly reflects the shape of the coastline where the
cold air originates. Except for upwind variations, rolls
are often similar in length and width.

When combined with other data, satellite pictures
offer new possibilities in the study of cold air strato-
cumulus. For example, statistical studies can show the
frequency of occurrence with respect to certain atmospheric
parameters, or probability studies can aid predictions of
stratocumulus activity. Holroyd (1971) analyzed the thres-
hold of air-sea temperature difference needed for the onset
of cold air stratocumulus over the Great Lakes. He found
that clouds form when the 850 mb temperature is more than

13°C colder than the lake surface temperaturec.

F. STATISTICAL-DYNAMICAL FORECAST METHODS
Objective forecasts of local weather celements can be

obtained empirically by applying statistical methods to the
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output of numerical prediction models. This approach infers
the future behavior of the atmosphere from the statistics

of past behavior. 1In practice, some meteorological element,
e.g., cloud amount, téﬁperature, or precipitation, 1is fore-
cast from past relationships with certain meteorological
parameters (Glahn and Lowry, 1972).

The great success of numerical weather prediction
during the past two decades has changed weather forecasting.
Yet, forecasts based only on numerical models have handled
the most important elements, e.g., temperature, precipita-
tion, visibility, ceiling, and cloud amount, with limited
success. In fact, most numerical models are not even cap-
able of predicting these elements directly. For this
reason, statistical methods have been used to convert the
raw output from numerical models into forecasts of certain
weather elements.

There are two methods of combining statistical methods
with numerical weather models. The first is the perfect
prognosis method. Using historical data, this method corre-
lates some local weather element with one or more nearly
concurrent atmospheric parameters. Equations derived from
these analyses are then applied to the output of numerical
prognostic models to produce a forecast of the desired wea-
ther element. Errors in the numerical forecast will cause
corresponding errors in the statistical forecast. The
statistical forecast improves as the numerical forecast

One advantage of this method is that stable fore-

improves.
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cast relations can be derived for individual locations and
seasons having a long record of data. A weakness is that
errors in the numerical model are disregarded.

The second method is Model Output Statistics (MOS).
Like the perfect prog method, it derives its statistical
relations on a concurrent basis. However, the developmen-
tal sample is based on prognostic data produced by the
numerical model, rather than on a long period of observed
data. This approach therefore allows for inaccuracies in
the numerical model based on past performance. Another
advantage is that MOS includes many predictors not readily
available to the perfect prog method (Klein, 1974).

A variety of statistical techniques can be u.ed in
deriving the empirical forecast equation. Panofsky and
Brier (1968) have classified these methods. The residual
method used in this research consists of correlating errors
of forecasts based on one variable with another variable.
Thus, the second variable is used to correct a forecast
based on the first. Additional variables can be added so
that a third variable is used to correct a forecast based
on the first two, etc.

Most statistical forecast methods use fixed-point
techniques in which predictors are chosen at the same places
for every forecast. These points may either be observing
stations or grid points at which the variables are known.
For some problems, however, trajectory methods are physi-

cally more satisfactory. In this method one must first
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determine the initial location of the air that will be at the
terminal point at the valid time of the forecast. The dif-
ference between the predictand at the beginning and at the
end of the trajectory can be linked to other variables
expected to modify the air. A disadvantage of this method
is that the trajectory can seldom be determined without
error. However, fairly accurate short-range trajectories
can be constructed based on continuity and persistence of

major flow features.

G. FORECAST VERIFICATION METHODS

Forecast verification is usually considered to mean
the process of comparing the predicted weather with the
weather that actually occurred (Panofsky and Brier, 1968).
The data obtained from such comparisons is then used to
determine the so-called forecast "skill" against some
standard.

When a new forecast technique or model is proposed,
questions naturally arise about its validity as an opera-
tional or theoretical tool. One way to objectively evaluate
its performance is through testing to determine its verifi-
cation statistics. Standards against which the new method
are usually compared include chance, persistence, climatology,

and already existing techniques.
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CHAPTER 3

THE MODEL

A. CONCEPTUAL BASIS

Mesoscale cellular convection associated with cold

air outbreaks is the product of air-sea interaction. This
phenomenon occurs over the Yellow Sea when marked air-sea
temperature contrasts, often exceeding 10°C near the sur-
face, create favorable conditions for Rayleigh convection.
Turbulent fluxes of heat and water vapor then modify the
entire boundary layer and ultimately give rise to the
development of cold air stratocumulus. In most instances,
vertical wind shear causes the clouds to appear in longi-
tudinal rolls.

The Rayleigh criterion suggests that atmospheric !
cellular convection may behave in the same way under certain
conditions. From this reasoning comes the conclusion that
statistical relationships should exist between cloud amount
and certain atmospheric parameters for a given area. These
relationships have prognostic value if the relevant atmos-
pheric variables can be predicted numerically.

In selecting variables, one must refer to the classi-
cal theoretical studies on cellular convection. Rayleigh

showed that cellular convection occurred when the vertical

density gradient in the fluid layer exceeded a critical value.
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This result can be applied to the atmospheric boundary layer
for buoyancy-driven cold-air stratocumulus.

In agreement with theory, a suitable predictor would
be one related to the stability of the boundary layer. The
temperature lapse rate is often used in diagnosing atmos-
pheric stability, but this parameter is difficult to apply
due to the lack of surface temperature observations over
the Yellow Sea. Instead, this study uses a boundary layer
stability parameter, Yy, based on the absolute value of the
sea surface-to-850 mb temperature lapse rate. Since the
sea surface temperature is warmer than the surface air
temperature during cold air outbreaks, this parameter
will be greater than the absolute value of the environmental
temperature lapse rate. Because the daily variation in sea
surface temperature is small, usually less than 0.2°C per
day in winter for the Yellow Sea, Yy can be determined with

relative ease.

In choosing the predictand, one has the option of using

either a fixed point or an area method for determining cloud
activity. The point method involves a simple yes or no
answer to the question of whether or not stratocumulus is
present at that location. The area method, which is used
in this study, answers the question of how much stratocumu-
lus covers a defined area for a given value of y at a
fixed point.

The "test area" is a 3x3 array of cells, each 1°
latitude by 1° longitude, extending from 34 to 37°N and

from 123 to 126°E (Figure 6). The fixed point used in the
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analysis and testing is at 36°N, 124°E.

Theoretical studies of cellular convection suggest
the likelihood of a strong correlation between cloud amount,
N, and the stability parameter, y. However, one can readily
imagine conditions when large errors may arise. For example,
in cases of very low initial humidity near the top of the
boundary layer, the development of clouds would be inhibited.
Under these circumstances, clouds would develop slower and
would cover less area. On the other hand, if the initial
humidity of the continental air is near saturation at the
top of the boundary layer, the development of clouds would
be enhanced. This would lead to faster cloud development
and more areal coverage.

It is therefore necessary to have a predictor related
to humidity within the upper part of the boundary layer for
analyzing errors from y. Since typical heights of the cold
air stratocumulus cloud layer extend from about 3,000 to
6,000 feet, the 850 mb relative humidity meets this require-
ment. In practice, this parameter is used in a stepwise
manner with the first to provide a set of empirical forecast
equations for cloud amount within the test area.

A reliable sample of 850 mb relative humidity data is
needed for the analysis of residuals from y. Unfortunately,
the lack of upper air data near the test point impedes the
development of a sample that is concurrent with y and N.
Unlike the 850 mb temperature, which has a relatively smooth
pattern and can be determined by interpoclation within an

accuracy of 1-2°C, the dewpoint temperature often varies
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greatly over short distances. Thus, interpolated values
may lead to large errors in analyzing the relative humidity.

Another approach is to use model output in develop-

ing a sample of 850 mb relative humidity data. This method
employs the Lagrangian model to forecast relative humidity
at the test point. Since the air is usually over land 12
hours before arriving at the test point, the initial 850 mb
dewpoint temperature and relative humidity can be analyzed
with considerable confidence because of the greater density
of upper air observations. A disadvantage of this method
is that errors are likely to occur in constructing the fore-
cast trajectory. An advantage is that the relative humidi-
ties are derived semi-objectively from model output. They
thereby include the effects of those processes causing
changes in the moisture content of boundary layer. This
method is similar to MOS (Klein and Glahn, 1974).

The use of statistical relaticonships in predicting
cold air stratocumulus requires a means of forecasting the
stability parameter and the 850 mb relative humidity. The
method used in this research proceeds as follows:

1. Construct the 850 mb trajectory, assuming
continuity of major synoptic features.

2. Determine the initial 850 mb and surface
temperature and the initial 850 mb and
surface mixing ratio in the air column.

3. Determine the gradient in sea surface
temperature and the corresponding gradient
in saturation mixing ratio along the tra-
jectory.
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4, Use the Lagrangian computer model to simulate
the changes in y and RH.

5. Use the empirical equations to forecast cloud :
amount in the test area.

Figure 7 is a flow diagram showing the main steps of the
method.

The following sections discuss the development of the
Lagrangian model, beginning with a discussion of the ten-

dency equations for temperature and mixing ratio.

B. TENDENCY EQUATIONS
If ¢ 1s some atmospheric variable that is a function
of horizontal distance, height, and time, the change in ¢ at

a fixed point is given by (Holton, 1972)

-
where %% = the change in ¢ at a fixed point
%% = the rate of change of ¢ following the motion
-

-V + V ¢ = the advection of

By substituting for ¢, the tendency equations can be obtained
for temperature and mixing ratio in an air parcel, defined

as a collection of air molecules have a mass of 1 kg. Letting

T be temperature and r be mixing ratio, these equations are:

A
aT v

dt
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Concentualization of the three steps in the

proposed method for forecasting cold air
stratocumulus,




1. Temperature

By separating advection into horizontal and vertical
terms and corbining the equation of state for an ideal gas
with the first law of thermodynamics, the temperature ten-

dency equation can be rewritten as

oT_ 1 oan 3 -vme[gE-éZ]weﬂ

t Cp dt H Z 37 ZB
1 dH _
where T a = the rate of temperature change due
P to diabatic heating
-—n .
“Vy VT = the advection of temperature on a
p constant pressure surface
dT 3T _ .
wisz; T 37 = the temperature change due to vertical
7 motion
W %@ = the temperature change due to entrain-
B ment of air through the inversion

In this equation, Cp is the specific heat of dry air at

constant pressure, H is heat, V, is the horizontal wind, w

H
is the large scale vertical velocity, dT/dZ is the dry
adiabatic lapse rate, 7T/%Z is the environmental lapse rate,
W is the entrainment rate of air through the capping inver-
sion, A0 is the jump in potentiul temperature across the
interface at the top of the boundary layer, and ZB is the
height of the boundary layer.

The diabatic processes causing temperature changes in
the parcel are sensible heating, latent heatinyg, and radia-
tive heating or cooling. The surface flux of sensible heat

is specified by the bulk aerodynamic method as (Chou and

Atlas, 1982)

e e o . e . e




dH - e — =
[a?jls o} Cp CD (Ts Ta) Ua/ZB

where p is the air density, CD is the bulk transfer coeffi-

cient, U is the mean wind speed near the surface, TS is the

sea surface temperature, Ta is the air temperature near the

surface. This study follows Chou and Atlas (1982) in using

3

a value of 1.5 x 10 ° for C. (after Konlo, 1975).

D

The latent heating in the cloud layer is

dH _ dr
[EE]L = ZC L 3 /ZB

where I is the latent heat of condensation, ZC is the thick-~
ness of the cloud layer, and dr/dt is the rate of condensa-
tion of water vapor into liquid.

The heat flux due to radiation is expressed as

where FN is the net radiative flux of the boundary layer and

B is the mechanical egquivalent of heat. FN is expressed over

an area of variable sky conditions as

where Fx and Fo denote the net fluxes for the cloudy and

clear areas respectively, and a, and a, are the weights

2

assigned to each area. ‘E‘\< is broken into its individual

constituents to give

=F,-F_ ~F_ -
Fx S I1L U FA
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where Fg = the upward flux due to longwave radiation
from the sea surface
FL = the downward flux due to radiation from the
cloud base
FU = the upward flux due to radiation from the
cloud top
FA = the downward flux from the free atmosphere

The constituents of Fo are written as

From the Stefan-Boltzman law for blackbody radiation, each

flux 1s expressed as

F. = ¢ T.4
1 1

where T, is the temperature of the i-th constituent and ¢
is the Stefan-Boltzman constant.
The temperature change due to diabatic processes is

therefore

dr _ 1 d
—t—cp dt[Hs+HL+HR]

For simplicity, the temperature advection is converted

to natural coordinates by

|

-l ~
-V e VM = <V~ S
H P S

(-4

S

where )T/3s is the temperature gradient along the trajectory.
The change in temperature associated with adiabatic
warming or cooling caused by large scale vertical motion is

obtained from

c_lz] _ o, lar _ oo
dt, w dt 3% |
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In this equation the amount of temperature change depends
upon the environmental lapse rate and the magnitude of w.
For example, if the environmental lapse rate is small and
there is rising motion, then cooling will occur at a con-
stant pressure level such as 850 mb.

The temperature change due to entrainment is

d%] AB
—— =w e
{;t E e Zn

where W, is the entrainment rate, A6 is the jump in poten-
tial temperature across the capping inversion, and Zy is
the depth of the boundary layer. This equation is adopted
from Stage and Businger (1981). If an inversion caps the

layer, A8 is positive and entrainment causes warming.

2. Mixing Ratio

Processes contributing to changes in the mixing ratio
of an air parcel include surface evaporation, condensation,
and entrainment. The surface flux of water vapor is speci-

fied by the bulk aerodynamic method as

{gé]Q =oLcy (F, - T, 0/2,
where ry is the saturation mixing ratio corresponding to the
sea surface temperature and r is the mixing ratio of air at
the surface. At the cloud condensation level (CCL), some of
the water vapor is changing phase to the ligquid state. This
process decreases the mixing ratio of the air parcel. 1If the

rate of water vapor condensation is &r/8t then the change in
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mixing ratio of the parcel is given by

[g—iLz%E/ZB

The stable layer above the boundary layer has a much
smaller mixing ratic than the cloud layer. Thus, entrain-
ment of air through the interface causes a decrease in
mixing ratio within the boundary layer. This change in r for

a parcel at a fixed pressure level is

[ég] Y
dt B e ZB
where Ar is the "jump" in r across the interface.

C. LAGRANGIAN FORECAST MODEL

1. Purpose

The Lagrangian forecast model simulates changes in
the temperature and mixing ratio at the surface and at the
top of the boundary layer along a trajectory describing
the mean flow of the layer. The final values are used in

computing vy and RH for the empirical forecast equations.

2. Assumptions and Approximations

For most processes, avallable data are combined with
theory and/or the results of other studies to make simplify-
ing assumptions and approximations. The sensitivity of the
numerical results to approximations regarding cloud layer
thickness, boundary layer growth, entrainment rate, solar
heating, radiative cooling, and vertical velocity are given

in Appendix F. The following is a list of assumptions and

——— e —— ——
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approximations. For clarity, each is stated concisely and,
if necessary, is followed by a justification or explanation.

{ l. The boundary layer is well mixed and has a
characteristic structure including:

a. A layer of absolute instability from
the surface to 10 m.

b. A dry adiabatic lapse rate from 10 m
to the CCL.

c. A moist adiabatic lapse rate through the
‘ cloud layer.

d. An inversion capping the boundary layer.

These follow from Burke (1945), Haltiner and Martin
(1957), and Figure 5 in Chapter 2.
2., Clouds form when the relative humidity at
the top of the boundary layer is greater than
or equal to 80%.
This value is the one that is typically used in fore-

cast centers.

3. The cloud layer thickness is approximated from
the 850 mb relative humidity as:

a. 300 mif 80% -~ RH <« 85%

b. 600 m if 85% <« RH < 90%

c. 900 m if RH > 90%

d. If RH - 100% the cloud layer thickness
increases at the same rate as that ot
the height of the boundary laver.

These estimates are derived from a skew T, loa p
diagram and upper air soundinags. The upper and lower limits
are subjectively based on observations of cold air strato-
cumulus along the west coast ot Korea. The range ot relative

humidity assigned to each thickness was determincd !rom the

thermodynamic diagram. In the model, the upper limit is
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cxceeded only by a precipitating cloud layer. Observations
show that the actual thickness may vary by several hundred
meters in some cases. However, the sensitivity of the

numerical results to these variations is small (Appendix F).

4. The growth of the boundary layer is estimated
from y as:

a. 5 m/hr if 8°C/km < y < 9°C/km
b. 7.5 m/hr if 9°C/km < y < 10°C/km
c. 10 m/hr if Yy > 10°C/km

These rates are obtained from upper air soundings.
It is assumed that the growth rate will be related
to the boundary layer stability parameter. Soundings from
Osan AB and Kagoshima are used in analyzing the slope of
the boundary layer inversion. This slope is divided by
the 850 mb wind speed to determine the rate of growth of
the boundary layer. Growth rates are stratified according
to y. Although actual growth rates may be as large as
50 m/hr, the sensitivity of the numerical results to a rate
of this magnitude is small (Appendix F).

5. The initial height of the boundary layer is the
850 mb height.

This estimate is based on upper air soundings from
Osan AB and Kwangju showing the top of the boundary laver to
typically be near the 850 mb level during cold air out-
breaks. The data indicate departures of up to 400 m in some

cases although a more common value is 200 meters or less.

6. DPrecipitation occurs if the 850 mb relative
humidity excceds 100%.
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7. Latent heating from condensation in the
cloud layer 1is mixed throughout the boundary
layer.

8. The absorption of solar radiation produces
heating of 0.3°C per day and is the same for
both cloudy and clecar skies.

Some models neglect the effects of solar radiation

{(e.g., Stage and Businger, 198l1). Although the effects are
small compared to other energy i "ansfer processes, warming
of 0.3 to 0.6°C can occur (Charney, 1945). The lower value
is used in this model due to the time of year. Sensitivity
testing of higher values shows the effect on the numerical

results to be small (Appendix F).

9. Radiative cooling of the boundary layer under
clear sky conditions is 1.0°C per day.

Charney (1945) indicated that cooling of 1 to 3°C
per day will occur in the free atmosphere due to longwave
radiational cooling. The highest values occur in the tropics
and the lowest in the polar reyions. The lower value is
used in this model due to the location and time of year.
Sensitivity testing of higher values shows the effect on the
numerical results to be small (Appendix F).

10. Radiative cooling of the cloud layer occurs
entirely within the boundary layer.

11. The radiative temperature of the top of the
cloud layer is the 850 mb temperature. The
radiative temperature of the cloud basec is
determined by assuming a moist adiabatic
lapse rate through the cloud layer.

12. The net radiative cooling of the boundary layer
is a weighted average of the cloudy and cloud-
free areas. For cold air stratocumulus these
weights are assumed to be 0.8 for the cloudy
area and 0.2 for the clear area.
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These values are determined from analysis of satellite
; pictures (Figure 3). The imagery often shows that the
» stratocumulus cloud field has alternating cloudy and clear r
areas due to its bandeé structure. It is subjectively
estimated that in most cases the clouds occupy 80% of the
total area.

13. The jump in potential temperature across the
interface at the inversion is 1°C.

This value is derived from upper air soundings.

14. The jump in mixing ratio across the interface
at the inversion is initially 0.25 g/kg.

This value is derived from upper air soundings.
15. The 850 mb height of the air column is constant.
16. The entrainment rate is approximated from v
and RH as shown in Figures 8 and 9. The maximum
entrainment condition applies if clouds are
present while the minimum condition applics
under clear skies.
These rates are comparable to those of Deardorft
(1976). It is assumed that the energy available for entrain-
ment will increase with y. Thus, the entrainment rate is
scaled according to Yy and increases as the boundary layer
becomes more unstable. The 850 mb relative humidity is highly
sensitive to entrainment rate (Appendix F). However, it 1is
important to note that the values used in the model give
point cloud forecasts that agree well with the satellite cloud
imagery. Entrainment will be discussed in more detail later

in this section.

17. The vertical velocity is estimated from map
typing (Appendix A).




Figure 8. Approximation of entrainment rate (w

]

fron

ment conditions (RH 307%).

[]
o N
(°c/%m)

o ~
©

Jigure 9.  Approximation of c¢ntrainment rate (w,) from
the stnbility parameter Cor minimum ontrain-
ment conditions (HH 807).

)
/
the stability parameter for maximum éntrain-




The 850 mb temperature is highly sensitive to

vertical velocity (Appendix F).

3. Entrainment

Entrainment is driven by turbulence kinetic energy
(TKE) produced by buoyancy fluxes in the mixed layer as it
warms over water (Stage and Businger, 1981). Deardorff
(1976) lists surface heat fluxes, cloud top radiative cool-
ing, solar heating, changes in cloud thickness, and strength
of the inversion as important factors in determining TKE
and the rate of entrainment. Increasing buoyancy implies
increasing instability and a decreasing lapse rate in the
mixed layer. Thus, one concludes that the entrainment rate
will be related to Y.

Deardorff (1976) gyives examples of the maximum and
minimum entrainment rates associated with certain surtface
heat fluxes. He uses a maximum entrainment rate for cloudy
conditions and a minimum rate for clear skies. Following
the results of Deardorff, this model roughly approximates
the entrainment rate from y as:

1. Weak entrainment if , is grecater than -9°C/km.

2. Moderate entrainment if ; is less than or cqual
to -9°C/km and greater than or equal to 11°C/km.

3. Strong entrainment if 3 is less than =-11°C/km.
The above ranges are based on analysis of satellite data for
the Yellow Sea during the winter of 1981-1982. Cases werc
subjectively grouped according to lapse rate and cloud ficld

size as seen on the satellite pictures. Table 1 shows the
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maximum and minimum rates assigned to each category of
entrainment. These magnitudes are comparable to Deardorff's

(1275).

Table 1

Method of Approximating Entrainment Rate

Degree Y Minimum Maximum
°C/km cn/s cm/s
Weak -9 0.2 0.8
Moderate -9 to -11 1.0 2.0
Strong -11 2.0 4.0

4. Large~Scale Vertical Motion

Large-scale vertical motion associated with synoptic
scale weather systems may sometimes cause adiabatic cooling
or warming in air parcels and changes in temperature on a

constant pressure surface. Using the relationship

AT AT OT
== { = - =
At VP T Ylaz 82) ot

and assuming an environmental lapse rate of -6°C/km and a
vertical velocity of 1.0 cm/s shows that hourly cooling of
about 0.14°C is possible at a constant pressure level.
These conditions are typical for middle latitude cyclones
of moderate intensity. The temperature change associated
with subsidence in anticyclones is much smaller. Taking a
typical anticyclone value of 0.3 cm/s for vertical motion
and a lapse rate of -6°C/km shows hourly warming of just

0.03°C at a constant pressure level.
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Map typing is used in this research for estimating
the vertical velocity. This method assumes that the atmos-
phere will have simila; vertical velocities in systems
showing similar characteristics. The map types are taken
from case studies of systems affecting the Yellow Sea
region during the winter of 1981-1982. The adiabatic method
is used to diagnose the magnitude of the vertical motion.

These maps are shown in Appendix A.

5. Numerical Methods

The first order differential eguation

can be solved by finite difference methods. The simplest
of these is a first-order Runge-Kutta technique, also

known as the Euler method, giving the solution as

1 1
= 2 + LA
d>i i ¢1 St
where ¢i = f(ci,ti). Although truncation errors may cause

this method to be unstable in some physical applications,
it is found to be acceptable in this model for forecasting
temperatures and relative humidities. Tt also has the
advantage of being a one-step method; i.e., to find $i+l
it only needs the information from the preceding point
¢i,ti. An in-depth description of the EFuler method may be
found in McCracken and Dorn (1964) or in Peckham (1971).
The tendency equations for the 850 mb temperature

and mixing ratio are integrated over l-hour time increments.
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During this process, the model is simulating the changes in
these variables as the air column proceeds from point to
point along its trajectory. The equation for the tempera-

ture change at 850 mb is

daT _
ac = f(T,t)

and the Euler method solution

1
. =T, + T,
Tl+l Tl Tl At

where Ti is the hourly change in T caused by sensible heat-
ing, latent heating, radiative exchanges, vertical motion,
and entrainment.

The equation for the 850 mb mxing ratic is

dr _
a;_: = f(r,t)
and the solution is
r. =r, + r; At
i

where ri is the hourly change in r caused by surface
evaporation, condensation in forming clouds, and entrain-
ment.

The finite difference equation for the change in

temperature due to sensible heating is

[%3] st = 92 Cp Yoro o+ 0 sy - v+ AT st
At — s — At
S ZB An

where ATS/An is the sea surface temperature gradient. The
equation for the change in mixing ratio due to surface

evaporation is
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[AE] st = 0P Sp Y-(r ru sy - (x4 7‘5] it
At — s — At
Q Zn An

where ArS/An is the mixing ratio gradient corresponding to
the sea surface temperature gradient.
At each time step the saturation mixing ratio for 850
mb is calculated by
0.622 e

qg. = S
s - =
p-eg

where p equals 850 mb and e is the saturation vapor pressure

obtained from

_ L 1
ey = 6.11 eXP[Rm (273.15 T+273.15)]

with Rm being the gas constant for moist air. The 850 mb

relative humidity is then given by

RH = % x 100
1:-S

D. STATISTICAL-DYNAMICAL FORECAST MODEL

l. Purpose

The statistical-dynamical model, comprised of the
Lagrangian model and the statistical relationships usina
v and RH. forecasts N for the defined test area. The fore-
cast is made in two steps. First. the cloud amount is fore-

cast from y. This forecast is then corrected based on RH.

2. Assumptions

The following assumptions are made in the statistical

model:
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1. If N forecast from y is greater than 9, then
the forecast is 9. If the forecast N based
on Y is less than 0 then the forecast is 0.

2. If the final N forecast after applying the
correction is greater than 9, then the fore-
cast is 9. If the final N is less than 0 then
the forecast is 0.

3. Empirical Equations

The empirical forecast equations each require only
one predictor. The equation for N from y has the form

Yy -b (y - N)

N = b

where N = cloud amount

Y = boundary layer stability parameter

Y = mean boundary layer stability parameter
N = mean cloud amount

b = slope of the line of regression

The equation for the error in cloud amount, AN, from
RH is

RH - b (RH - AN)
b

where AN = the error in N
RH = 850 mb relative humidity
= mean 850 mb relative humidity

H
AN = mean error in N
b

il

slope of line of regression

The final forecast equation for N is




CHAPTER 4

DATA AND ANALYSIS

A. DESCRIPTION OF TEST AREA

The Yellow Sea is an excellent location for a
statistical analysis of mesoscale cellular convection.
During the period dominated by the northwest winter monscon
there are frequent outbreaks of cP air, accompanied by
cold-air stratocumulus. Analysis of the atmospheric condi-
tions is aided by a dense network of surface synoptic and
upper air observing stations (Figure 10). Furthermore, the
daily change in sea surface temperature is small, most
likely a consequence of the relatively weak currents in the
Yellow Sea.

Geographically, the Yellow Sea is a large shallow
inlet of the Pacific Ocean. Bordering Korea on the east,
China on the north and west, and merging with the East China
Sea in the south, it has a surface area of about 100,000
km2 and a maximum depth of about 75 meters. A more detailed
description of the region is found in the U.S. Navy TR 77-03
(1977).

Appendix A represents the climatology of the monthly
mean sea surface temperatures of the Yellow Sea for Septem-
ber through March (U.S. Navy, 1977; U.S. Air Force). Sur-
face currents change from southerly to northerly during the

winter monsoon. Enhanced infrared satellite imagery from the

50
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winter of 1981-1982 shows a sea surface temperature gradient
closely resembling that of climatology in both pattern and
magnitude. Ship reports are used as an additional check on
the variation of sea surface temperatures from climatology.

The temperatures are found to be as much as 4°C warmer than

climatology for the East China Sea and in the extreme
southern edge of the Yellow Sea. However, the temperatures
inside the study area are within 1°C of the climatological !
value in 5 of the 6 reports available. It is, therefore, !
assumed that sea surface temperature climatology is satis-
factory for this study.

Figure 6 depicts the gridded area used for statisti-
cal analysis and model testing. Comprised of a 3x3 array
of 9 grid cells, each measuring 1° latitude by 1° longitude,
the area extends from 34 to 37°N and from 124 to 127°E. A
fixed point at 36°N, 125°E is chosen for evaluation of N,

Y, and RH. A larger test area is not considered because
time and space variations caused by the larger atmospheric
flow will adversely affect the empirical forecast relation-

ships.

B. ANALYSIS OF SATELLITE DATA

This research uses satellite imagery from the Defense
Meteorological Satellite Program (DMSP) site at Osan AB,
Korea. It consists entirely of direct readout imagery from

NOAA-6 and NOAA-7, both polar orbiting, sun-synchronous

satellites. NOAA-6 imagery approximately coincides with
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00002 and 12002 compared to 0600Z and 1800Z for NOAA-7.

Both visual and infrared (IR) data are used in the
analysis. Cold air stratocumulus shows little difference
in total cloud area on the IR compared to the visual imagery,
despite being a low cloud type. On the IR pictures, these
clouds appear in a light gray shade because of the large
contrast in temperature between the cold cloud tops and
the warm sea surface. Often this temperature difference
exceeds 20°C. Figures 11-12 provide a comparison of cold-
air stratocumulus in the visual and IR modes.

The nominal resolution of the visual and IR sensors
on NOAA-6 and NOAA-7 is about 0.5 nautical mile at subpoint.
However, the actual resolution on the direct readout imagery
is a function of:

1. Sensor lens and/or mirror aberrations.

2. Detector characteristics.

3. Frequency response of the sensor electronics.

4. Smear due to image motion.

5. Tape recorder characteristics (if not direct
readout) .

6. Communications.
7. Ground station characteristics and maintenance.
8. Altitude of satellite.

9. Relative contrast between object and the
background.

10. Alignment of the object to the scan line.
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All direct readout data are rectified by the Data Display
Segment System, but the rectification process does not
improve spatial resolution (U.S. Air Force, 1974).

A gridded acetate overlay is used in analyzing cloud
amount from the satellite imagery. On each picture, the
number of grid cells containing part of a stratocumulus cloud
field is counted manually. Spacing between individual cloud
lines or cloud elements, in addition to any part of the
cloud field falling outside the gridded array, is disregarded.

Cloud amounts are determined to the nearest half~square, i.e.

a half-square counts as 0.5.

C. ANALYSIS OF SURFACE AND UPPER AIR DATA

The surface and upper air data used in the statistical
analysis come exclusively from the Daily Weather Maps and
Synoptic Data Tabulations published monthly by the Japan
Meteorological Agency (1981, 1982). From these analyses,
the 850 mb temperature and height are determined for the
test point and are used along with the sea surface tempera-
ture from the climatological maps in computing vy from
Tg - Tsl

[l h

where T, is the 850 mb temperature, Ts is the sea surface

8
temperature, and Zg is the 850 mb height.
The Lagrangian model computes RH for analysis of the

residuals from y. 1Initial conditions for the model are

taken from the surface and 850 mb charts. The procedure

includes 9 steps:
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1. Analyze the 850 mb heights, temperature, and
dewpoint depression.

2. Determine the 850 mb geostrophic wind speed
and direction upstream from the test point.

3. Construct the forecast trajectory of the 850
mb air parcel arriving at the terminal point
12 hours later.

4. Plot and analyze the surface temperatures and
dewpoint temperatures near the initial point
of the trajectory. Determine the initial sur-
face temperature and mixing ratio of the column.

5. Determine the sea surface temperature gradient
along the trajectory.

6. Determine the mixing ratio gradient correspond-
to the sea surface temperature gradient along
the trajectory.

7. Determine the time in hours that the air column
will be over water.

8. Determine the initial 850 mb temperature and
mixing ratio of the column.

9. Enter all input parameters and run the numerical ﬁ
model.

This method assumes that the initial column of air from the
surface to the top of the boundary layer moves as one unit
and that the speed and direction of the unit are approximately
that of the 850 mb geostrophic wind. Furthermore, it is
assumed that this same wind speed is satisfactory for the
bulk equations used in computing surface fluxes.

Figure 13 shows an idealized sounding of the tempera-

ture and dewpoint temperature in the marine boundary layer

before and after air-sea interaction. This figure is based
on Burke (1945). Haltiner and Martin (1957), and on obser- j
vations from upper air soundings from Korea and Japan. The

sounding represented by the dashed lines gives the initial
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sounding over land while the sounding represented by solid
lines is that following modification by air-sea interac-
tion. Many of the soundings shown in Appendix D are
similar to the idealized sounding following modification

over water.

D. STATISTICAL ANALYSIS
1. Purpose

Satellite pictures provide considerable information
on the extent of cold-air stratocumulus. This study seeks
to relate significant properties of the boundary layer
environment to the cloud amount observed on satellite
imagery of the gridded test area. The objective is the
development of statistical forecast equations for N.

This section also presents probabilities of clouds
covering the entire test area, the probabilities of the
error from Yy being positive or negative, frequency distri-
butions of cloud amount and histograms for each cloud out-

break period for the winter of 1981-1982.

2. Linear Regression Analysis

Ideally, physical reasoning contributes to the selec-
tion of variables for linear regression analysis. Since
buoyancy-driven Rayleigh convection is the physical process
associated with cold-air stratocumulus, reasoning suggests
that cloud activity will be related to parameters that
describe atmospheric stability. Hence, the use of y as an

independent variable 1s supported by the theory of Rayleigh
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convection,

Linear regression analysis is used in determining
the relationship between N and y. The analysis is confined
to days when N is greater than 0 but less than 9. This
restriction reduces the sample to 93 cases with N ranging
from 0.5 to 8.5. Data for the entire period are repre-
sented in Appendix C where NY is the cloud amount from the
regression equation for y and 4N is the error, NY—N' The
cases used in the regression analysis are denoted by an
asterisk (*).

Figure 14 shows the scatter diagram of N and vy.
Also given are the line of regression, fitted by least
squares, and the lines of scatter. There is a positive
correlation between N and v as required by the Rayleigh

criterion. The equation for the line of regression is
N = 2.158y - 17.067

A correlation coefficient, ¢ of 0.65 suggests a strong

YN’
relationship between N and y. The significance of this
correlation coefficient is tested by comparing its absolute
value to the absolute value of 2.6 O+ 0. is the standard
deviation of the correlation coefficients of all possible
samples containing n pairs of observations and is computed

from the formula

o, = (n - 2)0.5

Since r, is much greater than the absolute value of 9

TN
(0.1048) the probability of this coefficient originating
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from uncorrelated populations is less than 1% (Panofsky and
Brier, 1968).
The scatter of N is computed from the formula

(Panofsky and Brier, 1968)

where SN is the standard deviation of N, bN-Y is the slope
of the line of regression, and SY is the standard deviation
of y. About 68% of the observations of N fall within the
lines of scatter in Figure 14.

Despite the strong correlation between N and Y, rY.N
accounts for just 42.3% of the variance. Figure 15 gives
the frequency distributicn of the errors from y for a class
interval of N=2. Most of the errors fall within a range of
N = + 3. From physical reasoning one would expect the out-
lying errors to be related to humidity near the level of
cloud development.. For the 37 rases showing the largest
error, model output for the 850 mb relative humidity (RH)
is used in analyzing the residuals. It is found that the
regression equation for y over-predicts N for cases having
low RH and under-predicts N for cases having high RH. Table
2 lists the model output data for the analysis of the
residuals.

The error, AN, obtained from the equation for v and
from N observed on the satellite pictures, is analyzed by

linear regression to determine the influence of RH on the

cloud field. Figure 16 is a scatter diagram of AN and RH.
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Table 2. Data for analysis of residuals using model output
for 850 mb relative humidity (RH).

Y ) Nm NO AN RH
10. 4 4.4 2.0 2.4 72.2 5
8.4 0.3 0.5 -0.2 79.8 '
10.5 4.6 7.0 -2.4 77.0 |
7.7 0.0 5.0 -0.5 94.6
' 9.7 2.9 2.0 0.9 75.7 |
9.4 2.3 2.0 0.3 77.7 4
9.0 1.5 6.0 -4.5 97.8
10.9 5.4 2.5 2.9 56. 4
10.7 5.0 0.5 64.3
13.3 9.0 5.0 4.0 60.1
9.3 2.1 1.6 70.8
8.8 1.1 ~1.9 84.9
9.8 3.1 ~4.9 85.7
9.0 1.5 -2.5 96.0
10.1 3.8 6.0 -2.2 80.8
11.5 6.6 0.1 75.0
11.3 6.2 0.2 65.2
8.7 0.9 -7.1 96.0
11.2 6.0 2.5 3.5 60.7
9.6 2.7 1.0 1.6 71.9
9.5 2.5 6.0 -3.5 86.2
8.7 0.9 -2.1 84.9
9.4 2.3 ~2.2 75.6
11.8 7.2 0.8 70.7
10.4 4.4 ) 3.4 66.8 ;
8.8 1.1 2.0 ~0.9 6.7
7.8 0.0 -6.0 92.2
10.4 4.4 -3.6 97.4
10.6 4.8 5.0 0.2 73.8
11.9 7.4 ~0.6 76.1 1
10.4 4.4 1.5 2.9 64.0 ‘




Table 2 (cont.)

Y o AN RH
10.7 5.0 0.0 71.5
10.6 8.0 -3.2 73.1
9.0 3.0 -1.5 75.5
12.5 5.0 3.7 76.8
10.8 3.5 1.7 63.6 J
9.6 8.0 -5.3 90.2 :
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Also given are the line of regression, fitted by least

squares, and the lines of scatter. This figure shows the
expected negative correlation between AN and RH. The equa-

tion for the line of regression is

AN = -0.317 RH + 24.856

A correlation coefficient, of -0.68 indicates a

CAN-RH’
strong relationship between AN and RH. The probability of
this coefficient originating from uncorrelated populations

is less than 1% since the absolute value of r is much

AN+RH

greater than the absolute value of 2.6 g where
o_ = 0.1690
r

The scatter of AN about the line of regression is 2.36. The
relationship between AN and RH accounts for 46.2% of the
variance in AN.

The results of the regression analysis appear to be
consistent with the classical theory of Rayleigh convection
in the atmospheric boundary layer. Together, the two regres-

sion relationships provide a plausible description of the

observed cloud behavior. The equation for v shows that clouds

begin to develop if vy = 7.9°C/km and that N increases as ,
decreases. The relationship for RH shows that cloud develop-
ment is enhanced if RH is greater than 78.4%. This value

is close to the widely used value of 80% for cloud formation.

3. Probability Analyses

Cumulative frequency distributions of N are shown in
Figures 17-18. The first fiqure, using a class interval of

N=1, reflects the low kurtosis often typical of cloud fre-
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quency distributions (Panofsky and Brier, 1968). Thus,
either none or all of the area is more likely to be cloud
covered than for any of the intermediate intervals to occur
alone. However, it also shows that some cloudiness is much
more probable than no cloudiness. If the intermediate

intervals are combined to form just two classes between 0

and 9, the low kurtosis is no longer evident, as shown in
Figure 18.

Figure 19 gives the frequency distribution of y at

0000Z and 1200Z on days when the test area was not obscured
by middle or high clouds. It is evident from this distri-
bution and from the regression equation for v that the
atmospheric environment favors stratocumulus on most days.

Table 3 and Figure 20 present the distribution of
v when N=9. The bimodality may suggest two preferred atmos-
pheric modes during cold air outbreaks. The ogive in
Figure 21 gives a median value of 14.0°C/km for y in cases
where N=9. The cumulative probabilities of N=9 for a
certain Yy are given in Table 4 while Figure 22 shows the
corresponding cumulative probability histogram.

Given the occurrence of N=9, one might wonder about
the probability of N=9 at the end of the next 12 or 24
hours. Table 5a shows the frequency distribution of N=9
at 12 and 24 hours following one occurrence of N=9. The
probability of N=9 at the end of 12 hours is 77.8% and at
the end of 24 hours is 72.7%. Also of interest is the
probability of N=9 at the end of the next 12 and 24 hours

if N has been 9 for 12 hours (Table 5.b) and for 24 hours
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Table 3. Cumulative frequency distribution of N=9.
3

y (°C/km) f % of Total CF CF%
8.9 0 0.0 0 0.0
9.0-9.9 2 5.6 2 5.6
10.0-10.9 3 8.3 5 13.9
11.0-11.9 2 5.6 7 19.5
12.0-12.9 8 22.0 15 41.7
13.0-13.9 3 8.3 18 50.0
14.0-14.9 4 11.1 22 61.1
15.0-15.9 4 11.1 26 72.2
> 16.0 10 27.8 36 100.0

Table 4. Cumulative probability of N=9 as a function
of v.

Y (°C/km) fY CFY f9 CP9 CP in
9.0 78 179 0 0 0.0
9.0-9.9 16 101 2 2 2.0
10.0-10.9 26 85 3 5 5.9
11.0-11.9 14 59 2 7 11.9
12.0-12.9 19 45 8 15 33.3
13.0-13.9 8 26 3 18 69.2
> 14.0 18 18 18 36 100.0
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(Table 5.c). Table 5.4 shows the most probable category of
N for the first observation following the end of N=9.

The residuals are stratified into cases where LN 1is
less than 0 or greater than 0, as shown in Tables 6.a-6.b
and Figures 23-24. The cumulative probability histogram
for cases having AN greater than 0 is given in Figure 23.
The histogram for cases of AN less than 0 is given in
Figure 24. These results show that the probability of the
equation for y overpredicting N increases as the model
output RH decreases. Conversely, the probability of the
equation for y underpredicting N increases as the model

output RH increases.

4. Outbreak Histories

Histories for individual outbreaks of cold-air strato-
cumulus during the period are shown in Appendix E. There
is no preferred pattern in terms of length as periods as
short as 5 days or as long as 16 days were observed. How-
ever, there is a tendency for the maximum cloud activity to
occur toward the beginning of each outbreak as indicated by
positive skewness in most cases.

The synoptic pattern in most cases showed the most
vigorous cloud activity coincided with a surge of cold air
advancing ahead of a large, intense anticyclone originating
in the Baikal region of Siberia. Some cases showed bubble
high development on the leading edge of the main high. As

this bubble high split away from the main high, a trough

developed between the two high pressure centers. The chandges




Table 5.a. Probability of N=9 at the end of 12 and 24
hours if N is currently 9.
Time to f12 f24 P
12 hours 9 7 - 77.8%
24 hours 11 - 8 72.7%
L3
Table 5.b. Probability of N=9 at the end of 12 and 24

hours if N has been 9 for 12 hours.

Time f0 f12 f24 P
12 hours 9 6 - 66.7%
24 hours 8 - 4 50.0%
Table 5.c. Probability of N=9 at the end of 12 and 24
hours if N has been 9 for 24 hours.
Time f0 f12 f24 P
12 hours 9 4 ~ 44.4%
24 hours 9 ~ 3 33.3%
Table 5.d4. Most probable category for N for first
observation following N=9 (based on 12
cases).
Category Frequency Probability
N =20 0 0.09
8.3%
33.3%
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Table 6.a. Probability of AN > 0 as a function of model
output 850 mb relative humidity (RH).

RH £ CF CF% CP2
< 70.0 8 16 100.0 100.0
LY
70.0-74.9 4 8 50.0 50.0
75.0-79.9 4 4 25.0 25.0
> 80.0 0 0 0.0 0.0

Table 6.b. Probability of AN < 0 as a function of model
output 850 mb relative humidity (RH).

RH £ CF CF% CP%

< 70.0 0 0 0.0 0.0
70.0-74.9 3 3 14.3 14.3
75.0-79.9 6 9 42.9 42.9

> 80.0 12 21 100.0 100.0
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in wind direction associated with this trough seem to deter-
mine which coastal areas of South Korea will be affected by
cold-air stratocumulus.

Although anticyclones are the dominant feature in
most cases, two other patterns also appear. One of these
involves the development of clouds ahead of a weak surface.
low moving across’the Yellow Sea. The other shows cellular
convection on the west side of a warm surface high located
over the East China Sea. In the latter case, the clouds have
the appearance of closed cell stratocumulus (Ancerson et al.,
1969) and look much like the clouds fregquently observed in

summer to the west of the continents.




CHAPTER 5

RESULTS

A. METHOD OF TESTING

One of the objectives of this research is to
evaluate the statistical-dvnamical model for short-range
forecasts of cold air stratocumulus over the Yellow Sea.
The model is tested for forecasts valid at the end of 12,
18, and 24 hours. Fortv forecasts are made for each time
period and are verified with respect to a 0-class error.
The model skill is determined with resvect to versistence,
climatoloav, and chance.

Forecasts of cloud amount are agrouped into five
classes: N=0, 0<N<3, 3<N<6, 6<N<9, and N=9. The three
middle classes are to be interpreted as light, moderate,
and extensive cloud coverage, respectively. Contingency
tables are constructed for each time period. The skill

score is given by (Panofsky and Brier, 1968)

where R is the number of correct model forecasts, T 1is the
total number of forecasts, and E is the number of correct

forecasts based on some control such as persistence, clima-
tology, or chance. TFor the model to show skill, S must be

greater than 0.

82
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The verification can also be expressed in terms of

the root-mean-square-error (RMSE), given by

211/2
L(F; - 0;)

n

RMSE =

where n is the total number of forecasts, Fi is the i-th

forecast, and Oi is the corresponding observation.

B. MODEL INPUT

Model input is obtained from the surface and 850 mb
charts and from the sea surface temperature climatology
charts (Appendix B). Trajectories are forecast from the
850 mb geostrophic winds and height field. A listing of
the computer program KORANL and a description of the model
input parameters are given in Appendix F. Input and fore-

casts from KORANL are listed in Appendix G.

C. VERIFICATION OF 12~HOUR FORECASTS

Table 7 is the 1l2-hour clcud forecast results where
Nm is the cloud amount forecast by the model, NO is the
observed cloud amount, Np is the persistence forecast, and
Nc cloud forecast based on climatology. The climatology
forecast assumes 3<N<6 except in cases following one
occurrence of N=9. After one occurrence of N=9, climatoloyy
forecasts another N=9, followed by 6<N<9, and returns to
3¢N<6 on the third forecast. The above scheme for clima-

tology is based on the outbreak histories and probability

studies of Chapter 4.
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Table 7.

Valid Time
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17
21
28
21

10
11
17
20
23
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13
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Table 7

(cont.)

Valid Time

o]

5 Feb 82/00002Z 4.5
6 Feb 82/00002 4.5
7 Feb 82/00002 4.5
15 Feb 82/00002 4.5
15 Feb 82/1200% 4.5
24 Feb 82/12002 4.5
26 Feb 82/12002 4.5
8 Feb 82/0000%Z 4.5
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Table 8.a is the contingency table for 12-hour model
forecasts. The diagonal of 0O-class errors the model to be
correct in 27 of 40 cases for 67.5% accuracy. Persistence
is correct in 19 of 40 cases for 47.5% accuracy. The model
skill compared to persistence is 38.1%.

The expected number of correct forecasts from chance
is computed from the contingency table by using the formula

(Panofsky and Brier, 1968)

[at
3+

where Ri is the total of the i-th row, Ci is the total for
the i-th column and T is the grand total. From the table
one would expect forecasts based on chance to be correct in
8 cases. The model skill compared to chance is 59.4%.
Climatology is correct in 13 cases; the model skill compared
to climatology is 51.8%. Table 8.b summarizes the nodel
skill with respect to each control.

The RMSE of the model forecasts is 1.2 while that of
persistence is 2.1. The model thus gives a 43.1% reduction
in error over persistence.

Since this test takes credit only for the 0-class
errors, it is one of the most stringent that can be applied.
Some verification schemes allow for l-category errors. If
a l-category error is used for the 1l2-hour model forecasts,
the model accuracy is 100% compared to 92.5¢% for persistence.

The skill score then becomes 100% with respect to all three

controls.
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Table 8.a. Contingency table for 12-hour model forecasts.
Model Forecast
Observed N=0 Ov"\’N_<_3 3<Ni6 6<N<9 N=9 Total
N=0 7 0 0 0 0 7
0<N<3 3 4 1 0 0 8
3<N<6 0 2 5 3 0 10
6<N<9 0 0 1 5 3 9
N=9 0 0 0 0 6 6
TOTAL 10 6 7 8 9 40
Table 8.b. Skill of 12-hour model forecasts with respect
to persistence, climatology, and chance (based
on 40 forecasts).
Control *No. of correct *No. of correct Skill
forecasts based forecasts based .
on control on model
Persistence 19 27 38.1
Climatology 13 27 51.8
Chance 8 27 59.4

*Verification based on O-categyory error.




D. VERIFICATION OF 18-HOUR FORECASTS

The 18-hour model forecasts cover the period from
September through Novgmber 1982. Because NOAA-6 was no
longer transmitting usable data, only pictures from NOAA-7
were available for verification and for making persistence
forecasts. Thus, the 18-~hour model forecast is compared to
12-hour persistence and climatology forecasts.

Table 9 is the 18-hour forecast results while Table
10.a is the corresponding contingency table. For an 0-class
error, the model forecasts verify in 25 of 40 cases for
62.5% accuracy. Persistence (based on a l2-hour period) is
correct 17 times for 47.5% accuracy. The model skill with
respect to persistence is 31.8%.

From the contingency table, one would expect chance
to be correct in 8 cases. Thus, the model skill compared to
chance is 53.1%. Climatology is correct in 7 cases. The
model skill compared to climatology is 54.6%. Table 10.b
summarizes the model skill with respect to each control.

The model forecast RMSE is 1.3 compared to 2.4 for
persistence, giving a reduction in error of 44.6%. The
model accuracy if one allows for l-category errors in veri-

fication is 100%.

F. VERIFICATION O 24-HOUR FORECASTS
The 24-hour forecasts use data from the period of

November 1981 through February 1982. Both NOAA-6 and NOAA-7

are available.
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Table 9. Verification of 18-hour forecasts.
L Valid Time NO Nm Np Nc
H 20 Sep 82/1800%2 5.0 4.2 6.0 4.5
23 Sep 82/0600%2 . . .

26 Sep 82/1800%
27 Sep 82/06002Z
27 Sep 82/1800%2
15 Oct 82/18002
16 Oct 82/0600%Z
17 Oct 82/06002
17 Oct 82/18002
18 Oct 82/0600%
19 Oct 82/0600%Z
19 Oct 82/1800%
20 Oct 82/06002
23 Oct 82/06002
23 Oct 82/1800%2
24 Oct 82/18002
25 Oct 82/06002
25 Oct 82/18002
5 Nov 82/1800z
9 Nov 82/18002
10 Nov 82/0600%Z
10 Nov 82/18002Z
11 Nov 82/06007%Z
17 Nov 82/18002
19 Nov 82/0600%2
19 Nov 82/1800%Z
22 Nov 82/06002
22 Nov 82/18002
24 Nov 82/0600%2
29 Nov 82/18002
30 Nov 82/06002
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Table 9 (cont.)

Valid Time N N N N

12 Oct 82/1800z
18 Oct 82/18002
5 Oct 82/18002 2.0
24 Sep 82/18007%Z
12 Oct 82/06002
23 Sep 82/18002z
25 Sep 82/18002
11 Nov 82/1800%
24 Nov 82/18002

O W O O O © O O O

. . B D . D . . .
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Table 10.a.

91
Contingency table for 18-hour model forecasts.

Model Forecast

Observed N=0 0<N<3 3<N<6 6<N<9 N=9 Total

N=0 6 1 0 0 0 7

0O<N<3 1 4 2 0 0 7

]

3<N<6 0 0 5 2 0 7

6<N<9 0 0 5 2 4 11

N=9 0 0 0 0 8 8

TOTAL 7 5 12 4 12 40

Table 10.b.

Skill of 18-hour model forecasts with respect
to persistence, climatology, and chance (based
on 40 forecasts).

Control *No. of correct *No. of correct Skill
forecasts based forecasts based 2,
on control on model

Persistence 18 25 31.8

Climatology 7 25 54.6

Chance 8 25 53.1

*Verification based on O-category error.
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Table 11 gives the 24-hour forecast results while

e ia b ok i, £

Table 12.a is the corresponding contingency table. For a
0-class error, the modgl forecasts verify in 19 cases for
47.5% accuracy. Persistence is correct 10 times for 25.0%
accuracy while climatology is correct 12 times for 30.0%
accuracy. The model skill with respect to persistence is
30.0% and with respect to climatology is 25.0%. One reason
that climatology performs better than persistence in this
test is that more cases were chosen from this class interval
3<N<6. There are 13 cases where 3<N<6 compared to 10 in the
12-hour test and 7 in the 18-hour test. Table 12.b summa-
rizes the model skill with respect to these controls.

According to the contingency table, one would expect
chance to be correct in 7 cases. The model skill compared
to chance is 36.4%.

The model forecast RMSE is 2.5 compared to 3.5 for
persistence and 2.9 for climatology. The model's reduction
in error is 28.6% compared to persistence and 13.8% compared
to climatology.

Allowing for l-category errors, the model has 80%
accuracy compared to 75% for climatology and 65% for persis-
tence. The model skill is 20.0% with respect to climatology

and 42.8% with respect to persistence.




Table 11. Verification of 24-hour forecasts.

2

Valid Time No Nm Np

@]

13 Nov 81/00002 0.5
18 Nov 81/0000%2 9.0
19 Nov 81/00002z
28 Nov 81/00002

9 Nov 81/12002

15 Nov 81/12007Z 0.5
18 Nov 81/12002
26 Nov 81/1200%
28 Nov 81/12002

4 Dec 81/00002

5 Dec 81/00002

6 Dec 81/00002Z
7 Dec 81/00002z
8
9

(3

n o & O U= O O N o O

Dec 81/00002
Dec 81/00002
10 Dec 81/00002
11 Dec 81/00002
5 Dec 81/1200z
9 Dec 81/1200z
15 Dec 81/12002
20 Dec 81/1200z
21 Dec 81/12002z
24 Dec 81/12002Z
29 Dec 81/12002
2 Jan 82/00002
3 Jan 82/00002
5 Jan 82/0000%2
9 Jan 82/00002Z
10 Jan 82/00002
11 Jan 82/00002 .
12 Jan 82/00002 9.0
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Table 11 (cont.)

Z
2
=4

Valid Time N

c m p c
13 Jan 82,0000 8.0 9.0 9.0 9.0
14 Jan 82/0000%2 5.0 9.0 9.0 4.5
15 Jan 82/0000% 9.0 9.0 5.0 4.5
20 Jan 82/0000%7 4.0 4.9 9.0 4.5
12 Jan 82/1200% 9.0 9.0 9.0 7.5
20 Jan 82/1200% 2.0 4.5 7.0 4.5
27 Jan 82/12002 9.0 9.0 9.0 4.5
7 Feb 82/0000Z 8.0 9.0 9.0 9.0
13 Feb 82/1200% 3.0 2.6 0.0 4.5

"
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Contingency table for 24-hour model forecasts.

Model Forecast

Observed N=0 - 0<N<3 37N<6 6-N~9 N=9 Total
N=0 5 0 0 0 0 5
0<N<3 3 3 1 2 1 10
3<N<6 1 3 5 0 4 13
6<N<9 0 0 0 2 5 7
N=9 0 0 0 1 4 5
TOTAL 9 6 6 5 14 40

Table 12.b.

Skill of 24-hour model forecasts with respect to
persistence, climatology, and chance (based on
40 forecasts).

Control *No. of correct *No. of correct Skill
forecasts based forecasts based %
on control on model

Persistence 10 19 30.0

Climatology 12 19 25.0

Chance 7 19 36.4

*Verification based on 0O-category error.




CHAPTER 6

CONCLUSIONS

The main objective of this research was to develop
and test a statistical-dynamical model for forecasting cold-
air stratocumulus over the Yellow Sea. Another aim was to
investigate the seasonal climatology of mesoscale cellular
convection during the 1981-1982 northwest winter monsoon.
To these ends, the study relied heavily on satellite data
in the statistical analysis.

By relating the degree of convective activity to a
boundary layer stability parameter, it was possible to
formulate statistical forecast equations for cloud amount
over a defined area. Existing Lagrangian models for the
planetary boundary layer (Lilly, 1968; Carson and Smith,
1974; Deardorff, 1976; Schubert et al., 1979; Stage, 1979;
Albrecht et al., 1979; Randall, 1980; Stage and Businger,

1981) provided the conceptual framework for a4 much simpli-

fied two~layer Lagrangian model suitable for a microcomputer.

Model output was used 1n the analysis of cloud amount crrors
based on predictions from the stability parameter. A
statistical relationship between the forecast 850 mb rela-
tive humidity and the forecast arrors permitted use of the
residual method in forecasting cloud amounts.

It was determined thut the model showed considerable

forecast skill for time periods of 12, 18, and 24 hours when
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compared to forecasts based on persistence, chance, and
climatology. The study also showed that persistence fore-
casts were more successful than climatoloyy except for a
forecast period of 24 hours.

Trajectories constructed from the 850 mb analysis
were used in determining the input parameters. The test
results seem to favor this procedure for short-range
applications of the model. However, the validity of this
method depends heavily upon one's experience and analysis
skills. Yet, it is still significant that this apparent
disadvantage offers no strong restrictions to operational
use of the model.

Perhaps the most important aspect of this study 1is
the model's success despite its simplicity. It appears
that this success was partly achieved by selecting a pre-
dictor closely related to the physics of Rayleigh convection.

| Another key factor was the use of a cloud level moisture

% variable and model output statistics in the development of
the residual relationship. In both predictors other impor-

i tant effects are implicit. For example, the simulation
includes the effects of fetch, sea surface temperature and
moisture gradients, and surface fluxes of sensible and

w latent heat. By combining the two statistical equations

with the model output, a remarkably accurate simulation ot

stratocumulus development emerges.

Forecast verification showed that the model pertormed

particularly well in timing the onset and extent of major

outbreaks of cold air stratocumulus. This rcsult is signi-
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ficant in evaluating the model's potential as a forecast
tool.

Test results from the computer program KORANL
suggest other possible applications. For example, several
trajectories could be used in doing a neph-analysis of cold
air stratocumulus over a broad area. The analysis could use
either the area forecasts produced from the statistical
equations or a point method, assuming clouds form 1if the
850 mb relative humidity is greater than 80°=.

The model could also be applied to point forecasting
of temperature and precipitation. The model includes a

routine for forecasting snow. An example orf a point tfore-

cast for snow in Seoul, Korea is shown in Appendix i.

The seasonal climatology indicates tihat most cold air
stratocumulus over the Yellow Sea occurs between November
and March, although data from the £all of 1982 show out-
breaks in late September. It is also possible that the
phenomenon may occur in early March, thouuh not obsecrved in
this study. In most cases, the areal coverauye and intensity
of the clouds is proportional to the intensity of the invad-
ing cold air. Maximum a tivity occurs durinhg great surges

of cold air. Minimum activity occurs when changes 1in the

synoptic flow disrupt the northwest monsoon.
Further study is needed to determine if the model 1is

applicable to other areas such as the western Atlantic or

the Great Lakes. The size of the test area used in this

research would be too large for forecastina clouds over the
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Great Lakes, which are much smaller than the Yellow Sea.
However, the model should be applicable to point forecast- i

ing temperature, relative humidity, and snowfall along the

shores of the Great Lakes.
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APPENDIX A

METHOD OF ESTIMATING VERTICAL VELOCITY

The technique for estimating the vertical velocity
along the trajectory involves map typing. It is assumed
that similar vertical velocities are associated with certain
recurring synoptic patterns at the surface and 850 mb

levels.

The following steps are involved in the application

of this method:

1. Analysis of the surface pressure and 850
mpb heights.

2. Construction of the 850 mb forecast trajec-
tory.

3. Assigning a map type from Figures Al-A7 based
on the surface and 850 mb analyses. (The
fixed test point (36°N, 125°E) appears as 8 1in
these figures.)

4, Determining the position of the trajectory
with respect to the areas of expected vertical
motion.

Case histories from the winter of 1981-82 showed the
following patterns to be the most significant:

1. Weakening surface low with approaching 850 mb
short wave. Vertical velocity ahead of short
wave axis is 0.5 cm/s (Figure Al).

2. Elongated trough tilting southwest to north-
east at the surface and at 850 mb. Vertical
velocity ahead of 850 mb trough axis is 1.0
cm/s (Figure A2).

3. Weakening closed low at both the surface and
at 850 mb. Vertical velocity ahead of the 850
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mb trough axis is 1.5 cm/s (Figure A3).

Well-developed and intensifying closed low
at both the surface and at 850 mb. Vertical
velocity within closed contours is 2.0 cm/s
(Figure A4).

Bubble high at the surface and very weak short
wave imbedded in the 850 mb flow. Vertical
velocity is 0.25 cm/s ahead of the 850 mb short
wave and between the two surface high pressure
centers. Vertical velocity is -0.25 cm/s
within 200 km of the surface high center
(Figure A5).

Warm high at the surface and at 850 mb extend-
ing northward from the East China Sea. Verti-
cal velocity is -0.5 cm/s within 300 km of the
surface high center (Figure A6).

Cold high at the surface and at 850 mb located
over western China and producing steady north-
west flow over the Yellow Sea. Vertical
velocity nearly 0.0 cm/s over the Yellow Sea
(Figure A7).
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APPENDIX B

SEA SURFACE TEMPERATURE CLIMATOLOGY
CHARTS FOR THE YELLOW SEA

Figures Bl-B7 represent the monthly mean sea surface
temperature climatology for the Yellow Sea (U.S. Navy,

1977). All temperatures are in degrees Celsius.

112

-—

.
!
!




113

PO
. °
o2 “',-C;,Z’

18
RENE
ST A NEIC *
L NN L b
~egd
—~ . o B3
~830 ¢34
2 85

'

Figure B1l. 2“18an sea suriace temperature clinatclozy
(“C) for September.




114

g m ek S segean o

Lo

-
¥

ficure B2, Hean sea surtace btemperaturs climatole sy

(“C) for Cetover.

i




ATI0S
<83 453_/'))6:;0
RTINS

Fieurc B3, Hean sca surface temperature clinzas
{("C) for Hovember.

o)
(&)

115

> ]

VLN
%13 ~ 884’
1 L~

T~
1090




116

e T L T] P
o -

C 287
2850 2787, 1)
e
RSN SSL LT
Ades. [T 2N

83 ‘53—‘ J”Cf;”o.
‘\45“.\, /

=~

246 74r -

Ry 0c

C T g

- .

Ficure B4, Hgan sea surtace temperature clinatolosy
("C) ror Decembver.




117

~r A

h1J

Figure 85. ean seca surface temperature climatology

(°C) for January.

o7 o
094 ° S0 g
L% aen) 92,Y48938 "7‘ -
g .

039 O-'-
a1 T s,




118

e+ _,0 O L as .
sip o Moe. a3 ALY W
K » -y :

S T~ 71 453 ‘?"J023770 .

-t 020
L~ 7“40-.{

p (0 0

' > ¢climatolesy
Fisure 6. iean sea surtace temperature clinmatole:;
’ (°c) for Fedruary.
s et L




31

*20\4]4

(o]
33 o

~
.

P

sea surface teumperatur

or “arch.,.

119

¢




APPENDIX C

DEVELOPMENTAL DATA FROM NOVEMBER 1981
THROUGH FEBRUARY 1982
Tables Cl-C8 list the developmental data for the
linear regression analyses of cloud amount and stability
parameter. Cases used in the analysis are denoted by an
asterisk (*). The symbols are defined as follows:
1. N: cloud amount.

2. T_: sea surface temperature at the test
peint in °C.

3. T8: 850 mb temperature at the test point
in °cC.

4. 28: 850 mb height at the test point in
meters.

5. vy: boundary layer stability parameter
in °C/km.

6. Nm: cloud amount from the regression

equation for v.

7. AN: error in cloud amount from regression
equation for Y.
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Table C1l. November 1981 data for 0000Z.

Day N TS T8 28 Y Nm

1 - 15.4

2 - 15.2

3 - 15.1

4 - 15.0

5 - 14.8

6 *6.0 14.6 -1.5 1555 13. 9.0 3.0

7 - 14.5

8 9.0 14.4 -10.5 1545 le6. 9.0 0.0
9 - 14.2

10 *6.0 14.0 -5.5 1510 12. 9.0 3.0
11 - 13.9

12 *2.0 13.8 1520 0.6
13 *0.5 13.6 1530 0.0 -0.5
14 0.0 13.4 1525 .0 0.0
15 - 17.3

16 0.0 13.1 1.5 1470 7. 0.0
17 9.0 13.0 -3.5 1500 11.0 ~2.
18 9.0 12.9 -1.0 1525 9. ~6.
19 (8.0) 12.8
20 - 12.6
21 *3.0 12.5 -1.5 1520 9. 2.8 -0.2
22 - 12.4
23 - 12.3

24 - 12.1
25 *2.0 12.0 -1.0 1530 8. 1.3 -0.7
26 - 11.9

27 *8.5 11.7 -2.5 1520 -5.5
28 *7.5 11.6 -6.5 1525 11. 1
29 - 11.5

30 - 11.4
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Table C2. November 1981 data for 1200Z.

Day N TS T8 Z8 Y Nm “N
1 - 15.4

2 - 15.2

3 - 15.1

4 - 15.0

5 *4.0 14.8 -3.8 1560 11.4

6 9.0 l4.6 -4.5 1566 12.2

7 9.0 14.5 -12.0 1566 16.9

8 9.0 14.4 -10.5 1540 16.2 .

9 *7.5 14.2 -7.0 1521 13.9 . .
10 - 14.0

11 *1.0 13.9 -1.5 1530 10.1 .7 3.6
12 0.0 13.8 1.0 1523 8.4 .1 1.1
13 0.0 13.6 1.5 1531 7.9 .0 0.0
14 0.0 13.4 4.0 1503 6.3 .0 0.0
15 *0.5 13.3 1.5 1460 8.1 0.4 -0.1
16 - 13.1

17 *8.0 13.0 -3.0 1520 10.5 .6 -2.4
18 *5.0 12.9 0.5 1525 8.1 .4 -4.6
19 - 12.8

20 *2.0 12.6 1509 . .8 -1.2
21 0.0 12.5 1.0 1525 .0 0.0
22 - 12.4

23 0.0 12.3 0.0 1501 .

24 *1.5 12.1 -1.5 1524 . .
25 - 12.0

26 *4.0 11.9 -1.5 1516 8.8 -2.1
27 *8.0 11.7 -7.0 1514 12.4 .0 1.0
28 *4.0 11.6 -5.0 1549 10.7 .0 2.0
29 - 11.5

30 *8.0 11.4 -9.0 1548 13.2 9.0 1.0

- m—— e — -




123
Table C3. December 1981 data for 0000%.

Day N T Tg Zg Y N /N
1 9.0 11.3 -15.0 1525 17.2 .0 0.0
2 *8.0 11.1 -8.4 1560 12.6 .0 1.0
3 9.0 11.0 -5.0 1575 10.2 .9 -4.1
4 *5.0 10.9 -4.0 1545 9.6 .6 -1.4
5 *5.0 10.7 -4.5 1525 10.0 .5 -0.5
6 *5.0 10.6 -6.5 1510 11.3 .3 2.3
7 *5.0 10.5 -6.0 1480 11.1 .9 1.9
8 *3.0 10.4 -5.0 1495 10.3 .1 2.1
9 *1.0 10.2 -2.0 1535 7.9 .0 -1.0

10 *5.5 10.1 -1.5 1545 7.5 .0 -5.5

11 *5.0 10.0 -1.5 1490 7.7 .0 -5.0

12 *7.0 9.8 -6.0 1500 10.5 .6 -1.4

13 *7.5 9.7 -6.0 1535 10.2 .9 -2.6

14 9.0 9.6 -9.5 1510 12.6 .0 0.0

15 *7.0 9.4 -9.0 1535 12.0 .8 1.8

16 - 9.4

17 *3.0 9.3 -4.5 1590 8.7 1.7 -1.3

18 - 9.3

19 9.0 9.2 -6.0 1455 10.4 -3.6

20 *6.5 9.2 -3.5 1480 8.6 .5 -5.0

21 *4.5 9.1 -2.0 1505 7.4 .0 -4.5

22 - 9.1

23 *5.5 9.0 -6.0 1460 10.3 5.2 -0.3

24 *0.5 9.0 -5.0 1500 9.3 .0 2.5

25 *2.0 8.9 -1.5 1510 6.9 .0 -2.0

26 *1.0 8.8 -3.0 1480 8.0 .2 -0.8

27 - 8.8

28 - 8.7

29 9.0 8.7 -7.5 1470 11.0 6.7 -2.3

30 - 8.6

31 *7.0 8.6 -10.0 1465 12.7 9.0 2.0
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Table C4. December 1981 data for 12002.

Day N TS T8 Z8 Y Nm AN
1 9.0 11.3 -15.0 1541 17.1 9.0
2 x5.0 11.1 -6.0 1578 10.8 6.2 1.2
3 - 11.0
4 *7.5 10.0 ~4.0 1520 9.8 4.1 -3.4
5 *3.0 10.7 -4.0 1526 9.6 6 0.6
6 *6.5 10.6 ~5.0 1505 10.4 4 -1.1
7 x4.5 10.5 -4.5 1509 9.9 4.3  -0.2
8 *4.0 10.4 -4.0 1521 9.5 3.4 -0.6
9 x2.5 10.2 -2.0 1541 7.9 0.0 -2.5
10 - 10.1
11 - 10.0
12 - 9.8
13 9.0 9.7 -11.5 1542 13.7 9.0 0.0
14 9.0 9.6 -12.0 1530 14.1 9.0 0.0
15 x7.5 9.4 -7.0 1550 10.6 5.8 -1.7
16 - 9.4
17 *3.5 9.3 -5.0 1593 9.0 2.4 -1.1
18 - 9.3
19 9.0 9.2 -9.5 1463 12.8 9.0 0.0
20 *3.5 9.2 -2.0 1497 7.5 0.0 -3.5
21 0.0 9.1 -1.0 1510 6.7 0.0 0.0
22 - 9.1
23 x4.0 9.0 9.0 1491 12.1 9.0 5.0
24 0.0 9.0 -2.0 1518 7.2 0.0 0.0
25 0.0 8.9 1.5 1501 4.9 0.0 0.0
26 0.0 8.8 4.0 1472 3.3 0.0 0.0
27 0.0 8.8 2.0 1482 4.6 0.0 0.0
28 0.0 8.7 0.0 1475 5.9 0.0 0.0
29 *7.5 8.7 -7.5 1484 10.9 6.5 -0.9
30 - 8.6
31 x8.0 8.6 -10.0 1479 12.6 9.0 1.0

 ————————— e ISP T R = S ——




Table C5. January 1982 data for 0000%.

Day N T Tq Zg Y N AN
1 *8.0 -10.0 1480 12.5 .

2 *2.0 -7.0 1525 10.1 4,

3 0.0 3 -1.0 1525 6.1 0.

4 0.0 -2.8 1480 7.4 .

5 *4.5 8. -7.0 1490 10.1 4.

6 -

7 *8.5 -7.5 1520 10.2 .9 -3.6

8 *8.0 -7.0 1455 10.2 .9 -3.1
9 *2.5 . -4.5 1440 8.5 .3 -1.2
10 0.0 -3.0 1455 7.4 0.0 0.0
11 0.0 0.0 1430 5.4 .0 0.0
12 9.0 7.6 -15.0 1475 15.3 9.0 0.0
13 *8.0 -10.5 1465 12.4 9.0 1.0
14 *5.0 . -10.0 1460 12.0 .8 3.8
15 9.0 7.4 -11.0 1460 12.6 0.0
16 9.0 -16.0 1450 16.1 0.0
17 9.0 7.4 -11.0 1460 12.6 - 0.0
18 9.0 -15.0 1420 15.7 .0 0.0
19 9.0 .3 -12.5 1440 13.8 .0 0.0
20 *4.0 -8.0 1470 10.4 .4 1.4
21 0.0 -2.0 1475 6.2 .0 0.0
22 -

23 -

24 -

25 -

26 *4.0 . -6.5 1520 8.9 2.1 -1.9
27 9.0 -12.0 1480 12.9 9.0 0.0
28 9.0 -19.0 1485 17.6 .0 0.0
29 9.0 . -17.5 1510 16.2 0.0
30 *7.5 -9.9 1510 10.6 .8 -1.7
31 - 7.0

e —— . ™
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Table C6. January 1982 data for 12002.

Day N TS T8 Z8 Y Nm AN
1 *2.0 8.5 -8.0 1500 11.0 .7 4.7
2 0.0 8.4 -4.0 1540 8.0 .2 0.2
3 0.0 8.3 3.0 1490 3.6 0.0
4 *0.5 8.2 -5.5 1485 9.2 .8 2.3
5 *3.0 8.1 -5.5 1485 9.2 2.8 -0.2
6 *8.0 -9.0 1505 11.3 7.3 -0.7
7 *3.5 8.0 -4.5 1505 8.3 0.8 -2.7
8 *2.5 7.9 -5.0 1435 9.0 .4 -0.1
9 0.0 7.8 -3.0 1460 7.4 .0 0.0

10 0.0 7.8 1.5 1460 4.3 0.0

11 9.0 -6.0 1450 9.4 -5.8

12 9.0 6 -10.5 1470 12.3 0.0

13 9.0 7.6 -12.0 1470 13.3 9. 0.0

14 *¥6.0 5 -3.0 1460 11.3 .3 1.3

15 9.0 4 -13.5 1460 14.3 .0 0.0

16 9.0 4 -15.0 1480 15.1 .0 0.0

17 9.0 4 -13.0 1445 14.1 .0 0.0

18 9.0 7.3 -17.0 1430 17.0 .0 0.0

19 *7.0 7.3 -10.0 1460 11.8 .4 1.4

20 *2.0 3 -7.5 1480 10.0 .5 2.5

21 0.0 7.2 -2.0 1465 6.3 .0 0.0

22 *3,0 2 -5.0 1465 8.3 .8 -2.2

23 0.0 7.2 -1.0 1520 5.4 .0 0.0

24 *0.5 2 -4.0 1515 7.4 0.0 -0.5

25 0.0 7.2 -4.0 1540 7.3 0.0 0.0

26 *8.0 1 -8.0 1515 10.0 4.5 -3.5

27 9.0 1 -17.0 1485 16.2 9.0 0.0

28 9.0 1 -16.0 1510 15.3 9.0 0.0

29 *8.0 0 -13.0 1515 13.2 9.0 1.0

30 *3.5 -8.5 1507 10.3 5.2 1.7

31 *6.0 7.0 -10.0 1460 11.6 8.0 2.0




Table C7. February 1982 data for 00002.
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Day N T Tg Zg \ - N
1 *2.5 7.0 -9.0 1470 10.9 6.5 4.0
2 *5.5 6.9 -8.0 1505 9.9 4.3 -1.2
3 - 6.

4 - 6.9

5 9.0 6.9 -9.0 1465 10.9 6.5 -2.5
6 9.0 6.9 -11.5 1445 12.7 9.0 0.0
7 *8.0 6.9 -12.5 1485 13.1 9.0 1.0
8 *8.0 6.8 -11.0 1498 11.9 8.6 0.6
9 *4.5 6.8 -7.0 1497 9.2 -1.7

10 - 6.8

11 - 6.8

12 0.0 6.8

13 - 6.8

14 - 6.7

15 *1.5 6.7 -4.5 1500 7.5 0.0 -1.5

16 *2.0 6.7 -4.5 1495 7.5 0.0 -2.0

17 - 6.7

18 - 6.7

19 6.7

20 6.7

21 6.6

22 6.6

23 0. 6.6

24 6.6

25 6.5

26 . 6.5

27 . 6.5

28 . 6.5

|
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Table C8. February 1982 data for 12002Z.

Day N TS T8 28 R Nm N
1 *5.5 7.0 ~10.0 1508 11.3 7.3 1.8
2 - 6.9
3 - 6.9

. 4 *4.5 6.9 -12.0 1484 12.7 .
5 *7.5 6.9 -12.0 1475 12.8 .
6 9.0 6.9 -15.0 1490 14.7 .
7 - 6.9
8 *4.5 6.8 -9.0 1520 10.4 5.4 0.9
9 *6.5 6.8 -11.0 1517 11.7 8.2 1.7

10 0.0 6.8 -5.0 1519 7.8 0. 0.0

11 0.0 6.8 -3.5 1508 6.8 0.0 0.0

12 0.0 6.8 -4.0 1533 7.0 0.0 0.0

13 *3.5 6.8 -6.0 1526 8.4 1.1 -2.4

14 *1.5 6.7 -5.0 1514 7.7 .0 -1.5

15 0.0 6.7 -4.0 1505 7.1 .0 0.0

16 0.0 6.7 -2.0 1488 5.8 .0 0.0

17 0.0 6.7 -2.0 1524 5.7 .0 0.0

18 - 6.7

19 0.0 6.7 -1.0 1442 . 0 0.0

20 0.0 6.7 -2.0 1458 0.0

21 0.0 6.6 -2.0 1485 5. 0 0.0

22 0.0 6.6 0.0 1510 4. 0.0

23 0.0 6.6 -2.0 1480 6.0

24 0.0 6.6 -5.0 1495 0.0

25 0.0 6.5 -4.0 1514 . 0.0

26 0.0 6.5 -4.0 1500 .0 0.0

27 0.0 6.5 1.0 1498 . .0 0.0

28 *3.0 6.5 -6.0 1453 1.5 -1.5




APPENDIX D

SOUNDINGS OF TEMPERATURE AND
DEWPOINT TEMPERATURE

Figures D1-D1ll are atmospheric soundings from
Kagoshima (31.6°N, 130.5°E), Fukuoka (33.5°N, 130.3°E),

Amami-Oshima (28.5°N, 129.5°E), Kwangju (36.1°N, 126.8°E),

and Osan (37.1°N, 126.9°E). These soundings show the
vertical profile of temperature and dewpoint temperature
at each station following a cold air outbreak. In most
cases, the soundings resemble the idealized example in

Figure 13.
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APPENDIX E
COLD AIR STRATOCUMULUS
OUTBREAK HISTORIES
Figures E1-El1 are histograms showing the daily
average cloud amount over the Yellow Sea, as observed on
satellite imagery, during outbreaks of cold air strato-
cumulus for the winter of 1981-1982. The cloud amounts
are valid for a 3x3 array of cells, each 1° latitude by

1° longitude, in an area extending from 34 to 37°N and

from 123 to 126°E.
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JAN 1982

Figure E9. 12-21 January 1982.
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APPENDIX F

DESCRIPTION OF COMPUTER
PROGRAM KORANL

F.1 An outline of the information flow and computer opera-

tions within KORANL (Korean Analysis)

Input:

II.

Read:

IT.
ITT.

Iv.

vI.

VII.

VIII.

IX.

XI.

Valid times

Vertical velocity

Sea surface temperature (SST) at the point where
the air column first moves over water.

Initial surface temperature in the air column.
Hourly change in SST along the trajectory.
Mixing ratio corresponding to SST at the point
where the air column first moves over water.
Initial surface mixing ratio in the air column.
Hourly change in mixing ratio corresponding to
the change in SST along the trajectory.

Initial 850 mb temperature in the air column.
Initial 850 mb mixing ratio in the air column.
Initial 850 mb height.

Time that the air column will be over land
before moving over water.

Total time of travel from the initial point to

the terminal point.

148




XIT.

XIII.

Print:
I.
II.

IIT.

Compute:
I.

II.

149

850 mb geostrophic wind speed.

Surface pressure.

Valid times

Vertical velocity

Initial conditions

For an air parcel in the mixed layer by time

increments of 1 hour:

to sensible heating.

due to surface flux

to entrainment.
due to entrainment.
to latent heating.

to solar heating
enerqgy exchanges.

to adiabatic motion.

A. Temperature change due

B. Change in mixing ratio
of water vapor.

C. Temperature change due

D. Change in mixing ratio

E. Temperature change due

F. Temperature change due
and longwave radiative

G. Temperature change due

General:

A. Amount of water vapor condensed in forming
or maintaining clouds.

B. Amount of water precipitated if the 850 mb
relative humidity is greater than 100%.

C. Growth of the boundary layer.

D. Change in SST.

E.

Change in mixing ratio corresponding to change
in SST.




III.

Print:

II.

III.

150

New conditions in the air column:

A, 850 mb temperature.

B. 850 mb mixing ratio.

C. Surface temperature.

D. Surface mixing ratio.

E. Boundary layer stability parameter.
F. 850 mb relative humidity.

G. Depth of the boundary layer.

For increments of 1 hour:

A. Temperature change due to sensible heating.

B. Sea surface temperature.

C. Surface air temperature.

D. 850 mb temperature.

E. 850 mb relative humidity.

F. Temperature change due to radiative cooling
and solar heating.

G. Change in mixing ratio due to surface flux
of water vapor.

H. Temperature change due to latent heating.

I. Boundary layer stability parameter.

For final time step:

A. Change in temperature due to entrainment.

B. Change in mixing ratio due to entrainment.

Total changes:

A. Change in temperature due to sensible heating.

B. Change in temperature duc to solar heating
and longwave radiative enerqgy exchanges.




Compute:
I.
IT.

IIT.

Print:
I.
IT.

ITI.

C. Change in temperature due to latent
heating.

D. Change in temperature due to entrainment.

E. Change “in mixing ratio due to entrainment.

F. Total change in mixing ratio.

Cloud amount from stability parameter.

Expected error from 850 mb relative humidaity.

Final cloud amount.

Depth of the boundary layer.

Snow amount.

Cloud amount.

F.2 Description of parameters input to KORANL

The following data are necessary to forecast the

amount of cold air stratocumulus with the program KORANL:

1. Line 30 - Surface parameters:

TS --- Sea surface temperature at the point
where the air column first moves over
water.

TA --- Surface temperature in the air column
at the initial point.

DTS -- Hourly change in sea surface temperaturc
along the trajectory (determined from
climatology and length of time the air
column is expected to be over water).

QS --- Mixing ratio corresponding to the sea
surface temperature at the point where
air column first moves over water.

QA --- Surface mixing ratio at the initial point.

DQS -- Hourly change 1n mixing ratio correspond-
ing to the change in sea surface tempera-
ture along the trajectory.

- S ve e s




Line 50 - 850 mb parameters:

T8 --- 850 mb temperature at the initial point.
Q8 --- 850 mb mixing ratio at the initial point.
Z8 --- 850 mb height at the initial point.

Line 70 - Other parameters:

TO ~-- Time in hours that the air column will be
over land.

T ---- Total time of travel from the initial point
to the terminal point.

U ---- 850 mb geostrophic wind speed (calculated
from the 850 mb analysis).

P ---- Surface pressure at the initial point.
Vertical velocity:

KORANL prompts the user to input the vertical
velocity by a printed message. If the user does
not input a vertical velocity, the program uses
a value of 0.0 cm/s.

Comments:

The forecast trajectory of the air column is
constructed from the 850 mb analysis. The user
estimates the average 850 mb wind speed upstream
from the terminal point (36°N, 125°E)} by calculat-
ing the geostrophic wind speed in natural
coordinates. The trajectory is based on contin-
uity of major synoptic features. It is assumed
that the column of air moves as a unit and that
the speed of movement is that of the 850 mb
geostrophic wind.

Description of output parameters from KORANL

The following parameters are included in the printed

output from KORANL:

TIME --- Time since the air column left the initial
point.
SH -=---- Hourly temperaturc change due to sensible

heating.
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TS —=~—= Sea surface temperature.

TA —-=-~-- Surface temperature in the air column.

T8 —=—=—- 850 mb temperature in the air column.

RT —=~=-- Hourly temperaturce change due to radiative
energy exchanges.

DQ —-—~-- Hourly change in mixing ratio in the air
column.

LH --=—- Hourly temperature change due to latent
heating.

GAMMA -- Boundary layer stability parameter.

TE =-===- Hourly change in temperature due to entrain-
ment.

QE -=—=-- Hourly change in mixing ratio due to
entrainment.

SENS. -- Total change in temperature due to sensible
heating.

RAD. --- Total change in temperature due to radiation.

LAT. --- Total change in temperature due to latent
heating.

Q.ENT. - Total change in mixing ratio duc to
entrainment.

Q.TOT. - Total change in mixing ratio.

F.4 Comparison of KORANL results to observations

Besides the cloud forecast verification, the accuracy
of KORANL output was checked against observations of 850 mb
temperature and the boundary layer stability parameter
{Table F~1). The results of this comparison show that the
Lagrangian model's error is within a tolerable range, con-
sidering the mean error in upper air soundings is on the
order of 1°C. The absolute error in 850 mb temperature trom

KORANL is 1.2°C while the absolute crror in . 1s 0.7. An
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error of this magnitude gives an error of about 1.5 in

cloud amount.

F.5 Program listing and sample output

KORANL is written in Extended Color Basic 1.0 lan-
guage for a TRS-80 Color Computer. This section contains

a crpy of the computer program.
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*KORPANL
REM DATA T35, TA.DTE.0%,02.00%
DATA S.5,-5. . 162.5.7. .6, .04 7
FEM DATR TZ,G2.Z28 ’
LRTA -12.5,.%,1.45
FEM DATA TE.T,U,P
DATA 9,12,12.%, 1015
‘PO RHD F¥ ARE THE FELATIVE WEIGHTS IH {OTHS OF THE CLESR AND CLOUDY REER, PE
ECTIVELY’
W FO=3.2
Pi=0.7

FRIMT STRINGICIZZ, "=")
A PRIMTUTYFE { AHD HIT RETURH FOR OUTFUT IH SHORT FOFMAT: HIT FETURHN FOR QuTsy
N LOMG FORMAT®

PRINT STRING3CZZ, "="1

INFUT*OUTPUT OPTION"PF

'DATA INFUT LIMES EBEGIM WITH 29

YATMOSFHERIC RPFLICATIONS —- 14 IAH 247

#INCLUDES 0OPTIONS FOR VERTICAL MOTIOH AHD ENTRATHMENT

+2-LAYER LAGRANGIAN MODEL

120 "MODIFICATION OF CF AIF TO MF AIF - ASIAN MINTER MONSONH

125 ‘U3ES STATISTICAL-DYHAMICAL METHOD TO FOPECRST COLD RIF STRATOCLMULUS

190 DIN HO24),00247
203 PRINT STRINGSC3Z,"=")
216 LINE THFUT "WRLID:";uTs
220 PRINT STRINMGEC32,"-")
230 PRINT#-2, TARC 133 "YALID: " : VTS
A *OPTIONS FOR WEFTICAL MOTIOH AHO EHTRSTHMENT
2S00 LIME THFUT "TYFE YES AHD HIT RETUFM IF YO WAHT TO INFUT YERTICAL wELOCIT..
RETHURM IF v0U WAHT YERTICAL YELGCITY TO EE O CM G=——='; VNS
262 PRINT STRIHGE(32,"-")

IF YM$="YEZ“ THEN 299
GOTO 210
THPUT “WERTICAL WELOCITY”:td
PEINT STRINGICS2,"=")
Er15=ll‘."E-E:"
7 IMFUT YAPIARELES

sALL TEMFEFATUFES BRE TH DECFEES~CELZIUL

' TE=SER SUFFRCE TEME AT FIRST FOINT OVEP LINTER
'TA=ZFC TEMP IH THE COLUMN

'DTS=HOURLY CHEMGE IM <ER SFC TENMF
sAE=MILING PATIO CORFESFOHDING TO SER TEMF

JQR=SFC MIIHG FATIN IH COLUMM

'DOS=HOURLY CHAHGE IH SER SFC MIXIHG PATIG
RESH: TS.TA.DTE, 03, 0f, DO
00 PERD TR.0A.72
N T2=550ME TENP
420 ' 0Z=55GME MIZING FATIO
430 *ZZ=0S0ME HEIGHT IH VM
440 FERD T, T.0,P
445 TO=TIME £ALUMM 1S OVER LAHD
450 ‘T=TOTAL LENGTH AF TIME

SPNNCA BG) DY
DD DD

- )M
D VR R s |

LA R ]
D S D ST i

=
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485
479
439
450
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*Y=MERH WIND SFEED OF THE FEL IN M/%
*P=SFC FFESIURE IH ME
*RSSUME U I3 APPFOXIMATELY EOUAL 2SOME GEDSTROSHIC HING
FRINT#-2, TREC 13" ==INITIAL CONCITIOHS--"
FRL: (-2, TAEC 1S3°TS  TH BTSN3 oA DOS TR P2 T o
PRINT#-2, ISING" B, % BESR H.BES BB B8 B HuR Sps 2

oH8HR %*.#";TS;TH;DTS;QS;DH;DOS; 202,220

519
529
539
540
s5a
560
S7a
|20
529
€04a
616

— 1))

&20

adﬁ
ach
ey

arn
onn

PareAR

=0y

FRINT#=-2.TABC 13 "VERTICAL “WELOCITY OF RIR FRRCEL = “"KW" CH/3"
FRINTH#=-2.TABC {3 " ~=FESULTR~="

PTHE MIMP IN MIXING FATIN AMD TEMFERATUFE ACROST THE IMWERTICH RRE
‘FE RAMD FT, RESPECTIWELY

*THE MOCEL ASSIUMES THRT FR=A.ZS G/KG AHD FT=1.0 DEG V
‘DIFFERENT YRLUES QF FO BND FT MAY EE ENTEFED IF IIFFE® QIF
SNUNDIMGS AFE AVAILRELE

THE NEW YALUES MAY BE EMTERED B CHRMHGIMG Fo SHD FT IN THE
FOLLOLING TTHTEHCNTS

FO=2, 25 : OF=0R-G,

FT=1.2 TF=T84FT

COMPUTE CHANGE IN TEMPERATUFE AME MIMING FATIO

THE TEMDEHCY ECUATIGOHST ARE ZOLYED BY USING THE EULER METHECD
LIHERRITY IS ASSUMED

Dp=2Z2

FOR I=1 TQO T

IF I =< TO THEN 770

2 GRMMA=(T3-T2)/ 2%

GOSUBR 1319

g HCID=CTS-TR Mty 225E-3/0R

‘COMPUTE THE CHAMGE IHM SER TEMPR FOR HEXT TIME STEF

A TS=T2+0TS

GICT b=d OS=0R X¥l¥A, 255E-2/00
COMPUTE THE CHANGE IH MIXING FATIO CORRESFOMDING TO SEQ TEM
PFOR MEXT TIME STEP

nNI=02+0NG
‘COMPUTE SATURATIOH YARFOR FFE SURE FOR 250ME
ES=A. 1IYECPI S AITIE4 (L /272 1S~ 1 /0 TR4272 15002

‘COMPUTE ZHTHFQTIHH MIVIHG FHTIG FOR 25oMB
OM2=0, R22YES/C 25G~ES)

'COMPUTE PELARTIVE HUMIDITY FOR Z50M&
FH=02¥0, 001 /DMaY 100

'CDMPUTE i3 OF WATER COHOEHZED
IF ENF¥="YEZ" THEH GOSUE 1570
Cl=C1+1

IF €1=1 THEH 329

GATH 219

IF PR = > 28 THEM LO=nz

SOTO 262

IF Fi=1 THEH 2€Q

IF FRH ¢ 29 THEH 1679

IF F1=1 THEH Z€Q

GAsIE 1270

LO=300¥0N2

Fi=1

GOsUB 15749

Gh=nN2-1.0

LN=n2

TF FH = > 109 THEN 1010

1060 GOTO 1650




1013 FO=03-NM2% 1000

1020 030X 1 G060

103 L0=03

1840 PH=PLI+PO

1230 *COMPUTE CHANGE IH TEMP DUE TN LATEMT HERT FELERTE DURIHG COHOEHSATION
1020 LH=ZSOMSGUICT /C 1025 0E¥1000)

1970 COMPUTE CHANGE IN TENP QUE TO LONGUAYE FROIATIVE ENESGY ENCEENGE

1920 ES=Q2¢0, 00142 S0/, 622

1290 EQR=NAYN, RAL Y TPA/A.E22

11e2 IF RH = > 28 AND FH < 85 THEN TE=TS+375.1%
1112 IF RrH \ 2% AND PH < 28 THEN TE=TZ2+377.15
1120 IF FH S THEN TB=T2+273,1%

1122 IF RH T@ THEH ET=-02.8275

11490 IF RH 20 THEN 1130

1130 Fi=0, 2/ PE-10% TR 4+( TR+272. 159°4%( 0. 25 Y4/ TA+27
1156 PU=FX¥d, 1BCE+33S0,0 (1. QARE+2 240 1, 040, 234012 2 DEY
1179 RT=FKIRK-POLG, AS+0, 0125

1129 IF WHME="NO" THEH 125G

1130 PCOMPUTE CHONGE IN TEMF DUE TN VEFTICAL MOTION
1229 'CHHNGE IZ FOR PRRCEL WHICH WILL BE &T 2Simy 8T £0p
1216 =TAH=-TZ

220 lP° SE=NZ2/022%1000 )

1232 DLT=UHZ6%¢ . G1-LAP3E)

1246 COMFUTE CHRHNGE IH TENWF

259 T2=T2+HC T 3+ LH+ET-[LT+TE

1250 TR=TR+HC I X+LH+RT-DLT+TE

1279 GO3UB ZH19

1289 COMPUTE LRPSE PRTE

1229 GRMMG=( TS-T2)/Z22

1229 COMPUTE CHEWGE IH MIZIHG FARTIO j
1219 O2=N240( 1 5+RE

1329 NA=NA+QC T )+0E

1339 IF PF=! THEH (268G
13490 IF I=1 THEY 1220
125 IF 1 » 1 THEMW 17290
1260 IF I=T THEH 1320

AN

£10

G

1379 GOTG 1546
1329 PPINT#-2,TRSC {2 "TIME 2H T2 TH T= RT FH DO LH  GaMman
1229 PRINT#=-2,1121HG" HE  HoBR BRR W pag 4 w88 4 44 LY Gab. 8 B 4B 4

BEE BB e TH T TS TR TS RT FH GO0 LH GRS
1490 IF 1=T7 THEH (429

1419 GOTO 1506

1429 FPINT2-2,.TERC (S TE  QE"

1430 FRINT#-2, 021G BEBHH SH, BHEYTEOE
1440 FRFINTH#-Z.TA2 {29"2ENS. RAD.  LAT.  T.ENT. @.ENT. O, TAT."
1456 FPINT#-Z, IS1HG" $HELE BEELR O RBE B E3 HBE B BSR B8 aa0,yo.
TRIHL:ET(ED: D :
1460 FPINTR-2, v AIF COLUMH AT OVER uHTE' NTLTGY WapEge
1470 FPIHT®=-Z.1131h,n CEFTH OF FEL = #, 484 V1R
1490 FPINT#-2,1151H5" PRECIP MATES = ##, % neans e By
1450 PRIHT4~-Z 112 IHS" SHOLRALL = ##8 4 M. PULLO

t 1500 HEXT 1

F 19160 /FOFECAST CLOUD AT
1520 CPEGFESIION EQURTIONT FNs n FPOM GEMMAR RHD STEFNTSE FECULTION FOR FH

15750 MG=C GAMMA-7, 307 )/, 4622
15490 NF=CFH-TZ, ?’~*/ . 154
1550 IF b < 0 THEW uu:o




15€0

T
1520
1529
1609
1€10
1528
1639
15409
1£50
16€0A
1673
1£309
1620
17609
1718
1720
1732
1746
1750
170
1779
1720
1729
1304
1219
1220
1234
1240
1354
269

w;

[
<]

(WY BaV}

2320
1204
1919
1220
12720
1240
1250
1260
1374
15a9
1220
pAalsla

D

.
DM

IF N5 > 2 THEM NG=2

H=NIG+HR

IF H > 3 THEN H=%

IF N < 0 THEM H=a

FEINT#-2,U2THG" CLOUD AMOUNT = # &Y
FRINT#-2:FRINT#-2

END

‘SUBROUTINE -~ EMTRRINMENT

IF GAMMA = ¢ 2 THEN 1&ea

5070 1429

IF PH = > 393 THEM WE=Q.2

IF PH < 20 THEN HE=Q,1

GOTD 1763

IF GAMMA > 9 AND GRIMMAR < = 11 THEH 1710
GOTO 1740

IF RH = > 32 THEM WE=2.8

IF RH ¢ 30 THEM ME=1.9
GOTO 1760

IF RH = > 50 THEM WE=4.0)
IF FH ¢ 20 THEM WE=2.5
nI=0F-03
QE=LENIIEO0 ¢ DEX1E+S )
T)=2.5

TE=MEXTI42600¢ CEF1E+S )
RETLRN

SUBROUTINE -- GROMTH OF THE BEOUNDRFY LAYERS
IF GAMMA > 2 RMD GAMMA < = 2 THEH 1249

GOTO 1860

Z5=6. 885

GOT 1214

IF GAMMA > 3 RHD GAMMA < = 10 THEN 1229
GOTO 1200

2G=0.94r3

GOTO 12149

IF GAMMA > 19 THEH Z5=0.019
CE=DR+ZG

FETLIPH

JSUBROUTINE -- CLOUD LAYVER THICKHE

s

Vi

IF PH = > 23 AHD RH < 25 THEHW €T 4.z
IF FH = > 25 FMD FH < 20 THEW CT 2L
IF PH = > 20 AHD RH < 109 THEH CT=31d,4
IF FH = 104 THEM 1220

RETLIFH

CT=NT+Z5

FETLIFH

T SUBRAUTINE —- TOTAL HERTIHG AHD MOISTURE CHANGE

0 TR=TR+FT
3 HI=HI+H 13

HL=HL+LH
o=00+00 1)
ET=ET+TE

1 EQ=E040E
29 FETUFH

159

e e g = =
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F.6 Sensitivity of numerical results to approximations
and assumptions

For most processes, the model contains assumptions
or approximations supported by available data, theory, and/
or the results of other studies. Due to the effects scale,
some of these processes are less significant than others.
Although some processes cause relatively small changes in
the boundary layer compared to the surface fluxes, it is
felt that even a crude approximation for these is better
than neglecting them completely. This section contains the
results of sensitivity testing of the numerical results to
the approximations regarding cloud layer thickness, boundary
layer growth, entrainment rate, solar heating, radiative
cooling, and vertical velocity. It is found that the 850
mb relative humidity is highly sensitive to the entrainment
rate and that the 850 mb temperature is highly sensitive to F
vertical velocity. Otherwise, the impact on the numerical

results is small.

F.6.1 Cloud layer thickness

The model approximates cloud layer thickness from
the 850 mb relative humidity. The thickness of the layer
increases as the relative humidity increases. Additional
growth of the layer occurs if there is precipitation. The
values used in the model are:

a. 300 m if 80% < RH < 85%

b, 600 m if 85% < RH < 90%

c. 900 m if RH ~ 902
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d. If RH > 100% the cloud layer thickness increases
at the same rate as that of the height of the
boundary laver.

The sensitivity of the numerical results is tested

by varying the model values. Cases are presented in which

the thickness is uniformly increased and decreased by 200 m.

Another case assuming a thickness of 1200 m for all RH

80% is included. These changes produce relatively small
variations in the 850 mb temperature (.1 - .4°C) and in

relative humidity (1.2 - 2.3%).




SEHSITIVITY TESTIHG - CLOUD LAYER THICKH
THIZ CASE UZES THE ZAME “ALUES AS IH
MOCEL “ERIFICATION

YALID: &FEBZ2-12Z TN FFEB-9OZ
-=IHITIAL COMDITIONS--

162

oS

Ta TA LT3 gs 0R  DeE T2 (15 ZE U
2.2 -2.9 S pcic 4.7 8.7 @.125 -12.9 9.5 1.458 8.8

VERTICAL ”ELDFITu OF AIR PARCEL = @ CH-3

~-RESULTS~--

TIME £H T2 TA T RT FH De LH  GRMMA
1 8.58 2.5 =-8.5 -17.5 -4.84 54.2 06.16 9.000 14,22
2 B6.49 3.3 2.8 -17.8 -9.84 £3.3 @.15 4,080 14, 1d
3 B8.483 4.2 7.5 -16.6 -0.84 74,7 4,15 0,088 14,02
4 4.4z 4.5 ~7.1 -lc.1 -Q.16 22.7 @.15 Q,817 13,55
5 8.48 4.2 -€.6 -15.6 -84.11 &7.1 @.14 Q.65%2 13,33
8.4y 5.2 -k.1 -15.1 -8.13 38.89 5.16 6,124 13,70
7 H 45 5.3 ~5.8 -14.6 -0,.13F 22,9 4.17 4,122 (2,52
2 @.43 5.9 -5.1 -14.1 -B.13 93,32 9.17 6,114 132,45
9 09,45 £.2 -4.6 -13.6 -0.1% 44.3 8.1V &a.188 13,322
g 2.44 £,5 4.2 -132.2 -6,13 24,3 4,17 B.e33  (3.21
11 a.44 £.3 =3.7 -12.7 -6.13 95.1 @.12 B.9%4 13,22
12 4.43 7.2 -2,2 -12.3 -8.14 25,2 @.1% 0.085 13,15
TE e

4.24% -@,124

SENE. FA. LAT. T.EMT. CLEHMT. €
D.E =1.3 a,3 a.511  -9,3%324 2
HIF PDLHMH WAS OYER MATER 1Z HUUFC
CEPTH OF FBL = 1.4%28 KM

FRECIP WATER 8.9 GRAMS

SHOMFALL = @.8 CH

CLOUD AMOUMT = 5.9

Lo
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SEMSITIVITY TESTIMG - CLOUD LAYER THICKHMESS
THIZ CASES SUBTRACTS 2068 M FROM THE YALLUES
IM MODEL ERIFICATIOH

UZED

VALID: AFEBR2/12Z TN YFEE-032

==IMITIARL COMOITIOHS=-
TS TH OT= gs oA Doz Ta 3 ]
.2 -2.8 8.233 4.7 .7 @.125 -18.69 3.8 1.488 2.%2

”EP.IFHL VELOCITY OF AIR FARCEL = B CM-sS

--RESULTS-~

TIME ¢©H TS TH T2 BT FH o LH GRMMA
1 A4.54 2.3 ~-8.5 -17.2 ~0.B4 S4.3 6,15 0,008 14,22
2 9.49 3.9 -2.8 -17.89 ~60.04 £5.2 0.15 9.668 14,12
T 9.43 4.2 ~7.6 ~16.f ~@A. 04 T4.7 Q.16 0.6808 14,03
4 d.49= 4.9 =7.1 ~1¢801 ~3.13 22,7 8.1 8,085 12,25
S Q.45 4.9 -5.6 ~15.5 ~-A.11 &7.2 8.15 A, 886 13,56
g B.47 3.2 =&,2 ~15.2 -A.12 96,72 8.1 8,185 (32.75
T @.46 5.9 5.7 ~14.7 ~0.12 2.5 Q.17 9,828 F. 55
& A.45 5.2 ~5.2 ~14.2 -4.12 24,1 8.17 6.939 13.5&
2 0,45 £.2 =4.8 ~-1z2.2 -9.12 25,2 8,17 6.022 13,42
18 @.45 £.5 =-4.3 -132.3 -4.12 95,3 ¢.17 9,872 132,41
11 9.44 .2 =22 -12.% -2,13 94,3 0,12 .97 132,724
12 B.44 T2 =2.3 ~-12.5 -9.14 946.4 @.132 4,053 2.28
TE GE
f1.24% ~0,124
SEMS. PHD LAT. T.EHMT. ._HT. 2.TOT.
S.6 -1, 5 B.311 -3,3224 2.8
ALR LULUMH MRS OWER WATER 2 HnnF“
DEPTH OF PEL = 1.458 kM
PRECIP WATER = 6.8 SRERMS
SHOMFALL = 8. B M
CLOUD AMOUNT = 2.9
|
|
!
'
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SEMSITIVITY TESTIMG - CLOUD LAYER THICKHEZS
THIZ CAZE ACDDE 268 1 TO THE WHALUES USEDR IW YERIFICATION

VALID: BFEBBZ-12Z TO FFEE-0OEHZ
-=IMITIAL PﬂHDITIHH--—

TS TH LTS ns A Oes T2 s Z3 i
2.2 -3, 4,323 4.7 0.7 B8.125 -12.0 Q.6 1,428 Z.E
VERTICAL ”ELUPITr OF AIF PARCEL = 0 CHO3

==~RESIILTS~-~

TIME %=H 5 TA TE BT F2H Do LH  GAMMA
1 8.5 3.5 =-£.5 -17.5 -0.094 S4.3 4,14 p.oae 14,22
2 9.43 2,8 -2.9 ~-17.8 -B.04 €5,3 92.16 B.060 14,12
2 8.4 4.2 ~F.€ -lb.G -A.24 74,7 A.16 a,000 14,02 :
4 p.42 4.5 <7.1 -1e5.1 -6.16 32.7 A.1c A,628 13.34 i
5 4.42 4.2 -6.8 -15.& -@.11 27,0 9.14 28,120 13.20 |
£ B.47 5.2 -5.4 -15.0 -6.12 83,7 9,18 8,115 13,65
7oR46 5.5 =50 -14.5 -2,13 21,7 4,17 3.158 13.54
g 8.43 5.3 -5.8 -14.8 -2,13 22,2 6,17 6,122 13.43
9 d.d44 &.2 -4.5 -132.5 -@.13 22,6 4017 8,120 13,722
19 B.44 £.5 -4.,4 -12,8 -6,.1% 24,0 0,17 4,121 13,22
11 @.4%  £.9 ~Z.6 -1Z2.6 -B.14 34,2 @.12 3.114 12,14
1z 9a.43 7.2 =3 12,1 -68.14 24,1 @12 B.163  13.86

TE e

80.04% -0,124

EH:. RAD. LAT. T.EWMT. BLEMT, G.TOT.
LA =12 1.4 A.511 ~5.234 2,81

HIP COLUMH MRS OYER WATER 12 HOIIRES

CEFTH 0OF FEL 1.4=60 KM

FRECIF LW™TER @.8 GRRFRME

SHOWFALL = .8 CH

CcLOUD AMOUMT .9

it® Ui
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SENSITINITY TESTIMG ~ CLOUD LAYER THICKMEZZ
THIS CASE ASSUMES A CLOUD THICKHMESZ OF 1299 M

VALID: &FEER2Z-/122 TO FFEEBAREZ

—=IMITIAL COMDITIOHNE~-
T5 TH DT'~ NS GH [ﬂ e a2 P |
2.2 -9.4 &, 33 4.7 B.7 8,125 ~15.8 B.& 1,428 2.3
EPTIIHL YELOCITY HF RIF PRFCEL = u [ 4 =

—~~RESULTS~-

TIME SH T TH TE ET FH DO LH CAMMA
1 9.59 2.9 —-2.5 ~17.5 ~9.094 S4.3 @, 16 8.008 14,22
2 6.4% 2.3 -5.0 -17.0 -0.04 £5.7 0,14 4,000 14,12
3 .43 4.2 7.5 ~15.6 -A.684 F4.7 6,18 9,980 14.072
4 @.42 4.3 =7.1 -15.1 -9.168 82.7 Hels 9,082 3,82
3 0.4V 4.3 -£.5 -15.5 -B.11 2.7 B.16 4,132 13,73
A 3.45 S.2 =55 ~14.9 8,12 8200 B.15 8,178 13,57
TooB.4G 2.5 =5.4 ~14.04 @12 26,5 6,17 0,162 12,44
8 f.45 5.9 -4.5 -13,8 -@,12 1.7 .17 8,139 13,22
2 A.44 .2 =4.4 -132.4 -0.13 32,4 9.17 6.140  132.E21

19 @.43 6.3 =32 ~-12.9 -a.12 52,2 0.17 8,120 132,11
11 @.43 .9 =3Z.4 -12.4 -B.14 32.39 84,12 9,122 13,682
12 4.4z o2 =ELE ~1Z208 -9.14 22,3 8010 2,116 12,95

TE  GE
G849 ~@, 124
SEMS.  RAD.  LAT.  T.EWT. GLENT. @.TOT.
5.5 -1.2 1.3 B.S11 -9.934 2,81
AIR COLUMM WAS CVER WATER 12 HOURS
DEFTH OF PEL = 1.486 K
FRECIF WMATER = @.0 GRAMS
SHOMFALL =  @.8 CM
CLOUD AMOUMT = 2.0

(LY

L‘D i
"‘«
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F.6.2 Sensitivity of numerical results to growth rate
of the boundary layer

The model approximates the growth rate of the boundary
layer from y. The growth rate increases as y increases.
These rates are obtained from upper air soundings. The
values used in the model are:

a. 5 m/hr if 8°C/km < vy < 9°C/km

b. 7.5 m/hr if 9°C/km < Yy < 10°C/km

c. 10 m/hr if Y > 10°C/km
Although actual growth rates may be as large as 50 m/hr,
the sensitivity of the numerical results to a rate of this

magnitude is fairly small (.7°C variation in 850 mb tem-

perature and .5 change in relative humidity).
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SEMSITIVITY TESTIHG - GROWTH OF THE BOUMGARY LAYEF
THIZ CHSE ASSUMES A GROWTH RATE OF & M-HE

YALID: eFEREZ2Z2-1E52 T PFEE-DRZ
~=IMITIAL COMDITIONS--
T3 TA DT= ) QH D T2 BR 25 A
2.2 -9.49 B, 3E3 4.7 A, @125 -12.60 8.8 1.420 2.%
! VERTICAL WELOQCITY OF AIR PHF FL = A CHMs5
-—RESULTS-—
TIME SH

(]
—
n

T3 RT FH Lo L GRMMS

TS H
1 8.%8 3.5 -8.3 ~17.5 ~0.84 S4.3 8,16 0,000 14,22
2 @.49 2.3 -2.8 ~17.8 -a.84 65,3 B.16 9.980 14,18
S 4.2 7.8 ~-le.e ~A.084 74,7 B.16 0,900 14.43
4 @A.48 4.5 =7V.1 ~1&6.1 -@.19 Z2.7 @.16 4,017 132,39
5 H.4E 4.2 ~£.8 ~13.6 -, 11 87,1 8,16 0.852 12,83
& B.47 3.2 -6.1 -153.1 -8.17 28,0 0,16 6,174 12,72
¥oodsde Jed o =3WE ~1d406 -3, 13 92,9 9,17 6,127 13,58
2 B4 2.3 =000 -4 -aL 1T 93T 6U17 8,114 13,48
LI © S 0 Zed =46 ~13.8 -6B,13 24,3 9.1V 49,18 PRI
16 9.44 £.3 =42 ~13.2 -@.13 24,8 @,17 a,059 ~
11 8,44 B.3 =3,V ~12.7 3,13 95,1 9.12 9,054
12 847 Fo2 =3.3 =12.3 -@,14 25,2 .18 @,03%
T BE

—

15 FWF LAT. TLEMT. GQUEMT. GLT0OT,
~1. 9.3 @.511 -9,334 2.1

HIP LDLHMH WRZ DWER MATER 12 HOURS

DEFTH OF FEL = 1,420 kKM

FRECIFP WATER = 8.8 GRRAMZ

SHOWFALL = B.a M

CLOG AMOUNT 2.0

E
B45 —3. 124
JE

6
_‘\ =
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SEMSITIVITY TESTIHG = GROWTH OF THE BOUHDARY LAVER
THIS CAZE ASSUMES A GROMTH RATE OF 18 MoHE
VALID: €FERS2-122 TO FFEE-GEZ
~=IHITIAL COMDITIOHS--
S TH OT= ws QA DRSS 1] (E 2o i
! 3.2 . A S e d.7 G.7 B.125 -132.9 A, 1.450 3.8

VERTICHL “ELoniTr OF AIF PRECEL = @ CHVZ
~—REZULTS~-
TIME SH

(X3 ]

TH AMMA

TS T8 BT RH DR LH

1 @8.38 3.5 =2.5 -17.5 -9.94 S4.3 9,15 9,600 14,22
2 @49 2.9 -2.0 -17.9 -0.04 £5.2 9,16 5.008 14,13
3 B.48 4.2 -7.6 -16.6€ -B.04 74.5 0,15 9,088 14,04
4 B.47 4.5 -F.1 -16.1 -0.10 B2.4 @.15 5,015 13.37
S G.46 4.5 ~A.7 -15.7 ~0.11 86,8 8016 9.033 132,56
£ B.45  S.2 -6.2 -15.2 -@8.11 89,7 G.16 6.954 13,77
7 o@.44 5.5 ~5.7 -14.7 -0.12 1.9 8.10 0,115 13,67
3 B.44 5.3 =5.2 ~14.2 ~G.17 93,4 £.16 6.165 12,55
3 P43 6.2 -4.3 -13,8 -9.13 94,4 8.15 9.098 13,51
18 B.42 6.5 -4.4 -13.4 -0.13 5.1 G.16 9.6%1 13.44
11 0,41 6.8 -39 -12.9 -3.13 95,5 §.16 @.435 12,39
12 @.41 7.2 -3.5 -12.5 -@.13 55,7 6.17 0,938 13,33

TE HE
a.045 -a, 112
ZEHS. PHD LHT T.EMT. nRL.EHWHT. 2.TOT.
5.4 -1.2 @, .45 -@,07% 1,97
AIR COLUMH MAS OVER MATER 12 HOURS
DEFTH OF PEL 1,608 KM
FRECIP UWATER B8 GRAMS
SHOWFALL = .9 PM
CLOUD AMOUMT 2.4

it IB IR
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SEMIITIVNITY TESTIMG —~ GROWTH OF THE EBOUMDARY LAYER
THIZ CHZE ASZUMES A GROMWTH RATE OF S99 MoHR

YALID: EFEEZ2-12Z2 TO TFEE-BOZ
3 ~=IHITIAL COMDITIONS-~

1 T35 TR 0TS GBS OA Do T2 [a e J
.2 -2.8  @.333 4.7 0.7 9,125 -18.0 9.6 1,438 3.4 |
VERTICARL VELOCITY OF AIR FARCEL = 6 CH-S :

-—RESULTS~-

TIME =H 5 TAH Ta ET FH Ly LH GAMMA
1 .4z 3.3 -8.5 ~17.5 ~6.64 54,3 9,16 0.608 14,23
2 8,45 32,3 =38.1 -17.1 -0.84 6£5.8 9,15 8,968 14,135
2 @44 4.2 =77 -16.7 -R.94 FILD 8,15 A.606 14,67
4 6.4 4,5 ~7.3 -16.3 ~0.0% 21.3 6.14 0,067 14,65
oa.41 4.2 ~6.8 «15.8 -6.18 £5.5 4,14 p, @75 13,92
e o248 5.2 ~6.4 -15.4 -0.168 22,5 6,14 0,087 13,53
FoE.38 3.5 ~5.4 -15.8 ~-a,11 29,2 6,14 9,833 12,28
28,27 3.7 ~H.8 ~14.6 ~@. 10 52.5 8,13 8.628 12,83
?o8.36 6.2 ~5.% -14.2 ~0,18 928 D 13 .67z 12.82
18 @.35 &.3 =4.% -13.2 -6.18 24,2 0.13 8.6:65 12.3
11 8,34 5.3 ~4.6 ~13,6 ~0.18 25.6 @.ld B.aeb 12,21
12 /.53 V.2 ~-4.2 -13.2 -6.16 32€.2 8.17% 0,835 17,81

TE GE
. 855 —-@, 852
SEMST, FAD. LAT. T.EHT. . EHr. . TOT.
4.3 -1.6 “4.6 LS -8, 897 1.67
AIFR COLUMM WAS OVER HﬁTEF 12 HUUFw
CEFTH OF PBL Z.628 KM
FRECIF WATEER @.8 GEAMS

SHOWFALL = A6 M
cCLOUD AMOUMT = 2.8

D)
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F.6.3 Entrainment rate

The model approximates entrainment rate from ; and
RH as shown i1n Figure 8. The rates vary from 0.2 to 4.0
cm/s. These values are comparable to those presented by
Deardorff (1976). The sensitivity of the numerical results

is tested by uniformly doubling the model rates. It 1is

found that the 850 mb relative humidity is highly sensitive
to entrainment rate (reduced from 95.2% to 77.6%). The
change in 850 mb temperature is just .1°C. It is important
to note that the values used in the model produce point
forecasts of clouds that agree well with the satellite

imagery.

U U
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S A.4s 4.9 6.6
& B.47 S.2 =f.1
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SEMSITIVITY TEST ~ EMTRAIHMEMT RATE

THIZ CRSE HECIHE’ ALL FATES ARE DOUBLE THE “ALUES
WZED IM THE MODEL YERIFICATIOM

VALID: eFEES2-127 TO 7PFEE/0AZ

~=IMITIAL COMDITINHZ -~

172

T3 TA DTS 6 A D33 T 3 s U
2.2 -5.8 @A, 333 4.7 3,7 B.125 -12.8 B.6 1.458 2.5
VYERETICAL YELOCITY OF AIR FRRCEL = & THM-sS
~=FRESNTS-~
TIME 3SH TS TA T2 BT RPH DR LH GARMMA
1 B8.59 3.9 -8.5 -17.% -6.84 S4.7 6,1€ 6,860 14,20
2 9.43 2.9 -8, -17.9 -B8.04 &4,1 3,15 6,608 14,99
3 /.47 4.2 =75 -16.% -8.34 T1.9 B.15 G.9006 13.923
4 .48 4.7 ~-7.@ -16.6 -3.684 7.6 6.16 A.6000 13,87
5 .47 4.2 -6.5 -15.% -8,10 22,2 @.16 8.813 13.7 ?
£ R.47 Je2 6.8 -15.06 -6,18 21.2 6,17 #8.811 13
r Q.45 5.3 =5.6 -l4.8 -0.04 79.7 B.17 A.811 13.5?
3 B8.4%5 9.9 =-3.68 -14.9 4,19 23,2 6.17 8.051 13,45
2 B.45 6.2 4.6 ~1Z.6 -@,10 20.Z2 4,12 8,002 .22
19 a.44 6.5 -4.2 -1Z2.2 -0.64 TFE.0 5,153 3,002 13.328
11 9.44 £.3 =3.7 -12.7 -a.11 S1.1 @.1%2 4,854 2,20
12 @.42 7.2 -3.2 -12.2 -0.84 F7.E @.19 0.654 13.8%
TE e
§.943 -@3.825
SEMS. FARD. LAT. T.EMT. . FHT. 2.ToT.
.6 -@.5 A,z B.227 -1.293 2.4av
AIR COLUMH WAS OYVER WATER 132 HDUFﬁ
LEFTH IF FBEBL = 1.458 kM
FRECIF WATER = @a.8 CcRAMS
SHOWFALL = 8.8 CH
CLOUD AMOUMT = 2.8
\
!
|
L
|
i\
‘!
M — ko ,J




F.6.4 Solar heating

The model assumes uniform heating of 0.3°C per day

due to the absorption of solar radiation. This value is

based on Charney (1945) who gives an upper limit of 0.6°C
per day. The sensitivity of the numerical results is tested
by increasing to model values to 0.6 and 1.0°C per day.

The results show a maximum increase of 0.3°C per day in 850
mb temperature and a decrease in relative humidity from

95.2% to 93.42.
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SEMSITIVITY TESTIMG - SOLAR HEATIMG
THIS CRSE USES THE SAME YALUE AS IH YERIFICATION
YALID: EFEBRZ-122 TO TFEE-GEZ
—-IHITIAL COHDITIONG--

TS TA DTS §S A DRS Te @2 Z8 U

3.2 -%.8  @.233 4.7 8.7 0.175 -13.0 0.6 1.420 8.8
YERTICAL YELOCITY OF AIF PARCEL = © CH-S

~-RESULTS-~

TIME ZH = TH TS RT FH D& LH  GAMMA
1 8.538 2.5 -8.3 -1v.5 -6.94 54.3 0.16 A.000 14,22
2 B.43 3.7 -5.9 ~17.0 -0.04 £5.3 9.16 A.088 14,12
3 8.42 4.2 ~-F.6 -16.6 -@.04 7F4.7 @.16 0.008 14,073 ?
4 B8.42 4.5 ~7.1 ~16,1 -0.18 22.7 4,15 4.917 13,95
308,48 4.2 -£.6 -15.6 -B.11 27.1 6.16 8.093 13.872
& B.47 5.2 ~-€.1 ~15.1 -6,132 26,40 6,18 9,134 12,74
7 @.46 5.5 -5.6 -14.6 ~@.12 52.0 £.17 9.123 13.53
2 08.43 5.2 5.1 ~14.1 -0.12 23,3 0.17 6.114 13,42
SR.43 A2 ~d4.6 ~1T.8 ~@,13 24,2 8,17 @a.188 13,232
19 a.44 £.5 =-4,2 ~13.2 -@.12 94,3 B.lr g.693 13.31
11 a.d44  £.3 =37V ~12.7 -6.12 25,1 6.12 6,624 12,23
12 9.432 7.2 =-32.2 -12.2 ~-4.14 53,2 ﬂ 12 2,832 13.1¢€
TE Qe
A.949 -0, 124
SEMS. FAC. LAT. T.EMT. GLENT 2. TOT.
T.E 0 ~1.3 8.2 B.3511 -4, :34 &.a1

RIF COLUMM MRS OWER MWATER 12 HIURS
CEPTH OF FEL
FRECIF WARTER
SHOLFALL =

CLOUD AMOUNT

1.48@ KM
0 GRAME
IH

H "7 o

E
F.E




175
SEMSITIVITY TESTIMG - SO0LAR HEATIHG
THIS CASE ASSUMES SOLAR HERTIMG OF @.& DEG-C
YALID: &FEBB2-122 TO 7PFEE-00Z
--IMITIAL PDHDITIDH°-~
TS TR CTS 25 R DRSS Tz  fz 22 U
3.2 =%.8 L2330 4.7 8.7 B8.125 -15.0 6,5 1,459 3.2
WERTICAL WELOCITY OF AIR FARCEL = B8 CnH-S
~=RESULTS—-
TIME SH TS TH TS RT FH DB LH  GAMMA
1 B.38 3.5 -2.9 -17.5 -0.64 54,2 0.15 4.0880 14,22
2 8.43 3.9 -5.8 -17.6 -6.84 £5.3 9.16 p.aep 14,12
3 A.43 4.2 -7.6 -16.8 -0.84 74,7 0,16 0.089 14,07
4 @.42 4.5 -7.1 -15.1 -@4.6% €2.7 6,16 0.017 132.94
9 B.43 4.2 -6.6 -15.6 -G,10 E7.0 0.16 B.0%2 13.581
5 B.47 5.2 =-6.1 -15.1 -8.10 8%.32 4.14 8.858% 132.7
¢o8.4e 6.5 -5.6 -14.6 -G.12 31.3 .17 B.123 13,58
2 d.43 5.2 5.1 ~14.1 -0, 12 23,2 9.17 9,114 14.4F
2 8.45 £.2 =4, -12.6 ~@.12 54,1 9,17 9,188 13,36
189 8.44 £.5% =4.1 —13.1 -0.12 24,2 D.17 2.932% 13.27
11 9.44  £,3 =3.7 ~-12.7 -8.12 34,7 0.12 8,874 13,12
12 8.43 7.2 -3.2 --1_.N -2.12 %4.7 .15 f.082 13,11
TE Qe
0,848 -a,124
SEHE. RRD. LAT. T.EMT. R.EMT. Q.TOT.
S.6 =-1.1 .2 B.511 -a.334 2,41
HIF coLdmM WAS OVER MATER 12 HOURS
DEPTH OF PEL = 1.428 KM
PRECIF WATER = Q.4 SRAMS
SHOWFALL = 8.8 CM
CLOUD AMOUNMT = 2.9

————— . o




SEMSITIVITY TESTING ~ SOLAR HERTIMG
THIS CASE ASSUMES SOLAR HEATIMG OF 1.6 DEG-C

YALID: EFERS2-122 TO FFEE-QOZ
-=IHNITIAL COHDITIOHS~~

T3 TA LTS nE BRSO DPRS 3 N2 28
3.2 -9.8 0,332 4.7 8.7 9,125 -12.8 2.6 1.48

YERTICAL YELOCITY OF AIR PARCEL = © CHAS

~-RESULTS~~

TIME SH TS TH T RT FH Do
1 B8.58 2.5 ~8.3 ~17.3 -#.91 34.32 8.1
2 8.4% 3.2 -~-2.8 -17.4 -Aa.01 €5.1 8.16
3 8.4 4.2 ~-7V.5 -156.5 -A.891 74,3 9.15
4 B8.45 4.5 -7.8 -15.9 -A.67 £22.1 9.16
5 8.47 4.3 ~6.3 -15.3 -8.63 fc.2 A.16
A& B.48 5.2 ~£.8 -15.8 -6.02 89.8 8.1&
7 8,46 5.2 ~5.4 -14.4 -6,169 21.0 6.17
3 @2.43% 3.3 -4.3 -12.2 -8.19 92.Z2 4.17
2 a.44 £.2 -4.4 -12.4 -0.168 22,8 .17
14 B8.44 £.5 -4.0 -1Z.0 -6.11 23.4 8.1;
11 /.42 £,% -32.5 -12.5 -B.11 383,35 8.1%
12 B.42 7.2 =3.89 -1Z2.6 -0.11 53.4 .18
T RE

8,845 -08.124

SEMS. RAD. LRAT. T.EWT. 0QLEMT. G.TOT.
5.5 -8.9 B.= B5.511 -8,334  z.@1

AIR COLUMH WAS OVER WRATER 12 HOURS

CEPTH 0OF PBL
FRECIFP WATEE
SHOWMFRLL =

CLOUD RMOUNT

= 1.428 KM

= /.9 GRAMS
B.a CH

=9.0

LH
i Pps]als)
6,998
g, 668
B3.014
8,832
g, 839
8,123
@.114
@, 166

Yoa, a8

4,054

7, [nes

176

GAMMA
14,29
14.92
12.97
12.88
13.74
12.82

2.42
13.27
3.26
12. 18
12.67

12.9%
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F.6.5 Radiational cocoling

The model assumes radiational cooling of the boun-
dary layer under clear sky conditions is 1.0°C per day.
This value is based ;h Charney (1945) who gives a range
of 1 to 3°C per day for cooling of the free atmosphere due
to longwave radiation. The sensitivity of the numerical
results to this estimate is tested by increasing the cool-

ing to 2.5°C per day. The result is a decrease in 850 mb

temperature of just 0.2°C per day.
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SEMZITIVITY TESTIHG - RARIATIVE COOLIMG UMDER CLEAR SKIES
THIZ CR3E USES THE SAME WALUE AS IM YERIFICATION

VALID: €FEBBZ/12Z TOr FFEB/90Z
~=IHMITIAL POHDITIDH-—-

T8 TR DTS S DA oos TS (e 25 i
2.2 9.4 G.2232 4.7 B,V B.125 -13.0 8,5 1.4288 2.8

YERTICHL ”ELDPITf OF AIR FRRCEL = @ CHM-S

--RESULTS—-

TIME 35H T= TA T=2 RT FH jalp] LH CARMMA
1 a.358 3.5 ~8.% -17.5 -60.684 54.2 0,16 4,000 14,22
2 8,42 2.2 =-2.8 -17.8 -A.894 £5.3 6.1 5.8080 14.12
3 9.43 4.2 =7.6 ~le.8 -8.84 74.7 Q.15 5.898 14,03
4 .43 4,5 =7.1 -16.1 -@,18 282.7 B.15 9.817 13.%5
5 A.42 4.2 ~6.6 15,6 ~-A, 11 27.1 6.1% B.922 13.23
& B.47 S.2 ~6.1 -15.1 -6.13 26@.4 6.18 9.134 12.79
T A.d8 3.9 -3.& —-14.8 -@.12 92.60 6.17 8.123 13.5%
2 8.45 5.2 ~5.,1 -14.1 -@.13 22.2 0,17 4.114 12.4%=
2 6,45 c.2 4.8 -1Z2.6 Q.12 94.3 B.17 8.1a6 13.3%2
19 0.44 £.5 -4.2 -12.2 -0,12 24,3 0.17 g.682% 13,31
11 a.44 £.2 =3.7 -12.7 -68.13 g5.1 A.12 3.034 3. 23
12 9.472 7.2 =3.3 -12.%2 -0.14 95,2 A.12 4.6233 12
TE CE

0,.64% -0,124

SENS. rEDb. LAT. T.EMT. @Q.EMT. &.70T

S.6 =-1.% 3.9 9,511 -B,.324 2.41

)

AIR COLUMM WAS OYER WATER 1E HOURS

CEFTH OF PEL = 1.420 KM

PRECIF WRTER = 8.8 GRAMS

SHOWFALL = @.8 CH '
CLOUD AMOUMT = 2.8 .
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SEMZITIVITY TESTIMG - RACIATIVE COOLIMG UHDER CLERR SKIES
THIZ CASE ASSUMES COOLIMG 0OF 2.9 DEG-T PER OA

WALID: SFEBR22/12Z2 TO- 7FEE~
--IMITIARL COMDITIONS~-
T8 TH 0TS @5 oA DS T3 ns 22 1J
2.2 -23.8  A,33F 4.7 8.7 0,125 -15.8 6.6 1.42
VERTICARL WELOCITY OF AIR PRRCEL = @ CHM/S
--RESULTS~~

=

a2

TIME =H TS TH TR RT RH DO LH  GRAMMA

1 @8.59 3.5 -£8.6 ~17.6 -6.82 S4.7 @.16 92.008 14,25

2 B/.58 3.9 -8.1 ~17.1 -08.60% £5.5 6.16 9.6988 14,13

3 A.49 4.2 -7.7 -16.7 -0.9% 75.2 0.16 9.8900 14,12

4 9.43 4.5 ~7.3 ~16.2 -0,12 23.7 9.1 8,823 14.95

& Q.48 4.3 -£.8 ~15.2 -@.13 €2.1 #.16 0.692 12,94

£ B8.48 5.2 -6.2 -15.2 -8.14 91.2 6.16 9.134 13.81

7 O9.47 5.5 -5.8 -14.8 -@.15 2.2 .17 9,123 13.74 L
2 B9.46 5,9 5,3 -14.3 -0,15 94,7 @.17 3.114 13.61 .
2 B.46 6£,2 ~4.5 -13.8 -9,15 95.7 @.17 08.196 13.52

16 9.435 6.5 -4.4 -13.4 -G.15 95.3 G.17 0.929 13.44
11 9.45 6.9 =32.9 -12.9 -4.15% 96.6 9.12 9.994 13,37
12 8.44 7.2 -3.% -12.5 -A.15 96.7 #.12 8.059 13,30

TE BE
0.942 -60,124
SENZ. RAC. LHT. T.EWT. GLENT. @LTOT.
G.7 ~1.5 8.2 0,511 -9.5324 2.1
AIR COLUMH LARZ OVER LATER 12 HOURS
DEFTH OF PBEL 1.420 KM
PRECIP WATER a.8 GRAMS
SHOWFALL = B CH
CLOUD AMOUMT = 9.9

Wi
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F.6.6 Vertical velocity

This study uses vertical velocities determined
subjectively by map typing (Appendix A). Each case uses
a vertical velocity of 0.0 cm/s unless the large-scale
flow favors vertical motion. The sensitivity of the numeri-
cal results to vertical velocity is tested for two cases in
which vertical motion is favored. These show that the degree
of sensitivity depends upon the temperature lapse rate of
the boundary layer. 1In the first case, where the lapse
rate is near the dry adiabatic lapse rate, the change in
850 mb temperature is less than 1.0°C. 1In the second case,

where the lapse rate is small, the temperature varies by up

to 4.8°C.
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SENSITINITY TESTIMG —-- WERTICAL WELOCITY RPFROSIMATION

WRLID: IGDECS1-122 TO Z1DEC B2
-=IHITIRL COMDITIOMS——
T3 TH 0TS s O oas T3
5.6 B.4 A, 256 S.7 -
VYERTICHL WELQCITY OF HIR P I
~~-RESULTS-~-

TIME =H TS TR TE RT FH DO LH  GAMMA
1 9.12 S.2 6.8 -2,68 -@.84 39,4 9.6° 9.003 10,02
2 843 &1 9.1 -85.3 -@.94 43,2 0.6% 9,802 19,270
2 98,12 8.4 @.1 -2.% -6.04 48,2 0.6% 4,498 16,37
4 9.14 £.¢ @.1 -3.9 -6.54 50.3 9.6% 4.000 10,51
5 B8.14 £.2 8.2 -5.2 -9,84 S2.4 2,02 9.000 16,65
£ f.14 7.1 9.2 -2.2 -6.84 TE.2 0,099 6,000 10,72
Toa.15 7.4 @a.3 ~E.7 -0.04 63,0 9,02 0,088 19,22
‘ 5 a.13 T.6 B.3 =-3.7 -#./4 £32.0 9.03 0,068 11.06
r 2 /.15 7.2 4.4 -2.8 -3,.64 S5.% 0.9% 9,009 11,12
i 19 @.1e 2.1 9.3 -2.5 -9.Aa4 7.5 0,09 G.900 11,30
! 11 ©.16 2.4 9,5 =3.4 -3,.04 £5.8 9.63 Q,008 11,42
12 9.1  EB.6 0.6 ~52.4 -0.84 Fi.2 9,10 o.e00 11,54

TE Qe

A.az3 -0.84g8
SEHE. RAD. LAT. T.EMT. 0G.EMT. &.TOT.
1.7 -8.3 2.4 g, 137y -G z21 1.1z

F AIF COLUMH MRS DVER WATER 12 HOURS
| DEFTH OF PBL = 1.537 KM

SHOWFALL = 6.0 CH

CLOUD AMOUMT = S.6




YALID:

SROEC21-122 TO Z1DELCS

==IHITIAL COMDITIONS-—

TS TA OTS

S.E H.6 &, 25

e o

VERTICAL WELOCITY OF M

-=RESULTS~~
TIME 3H

1 9.13

2 8.1z

2 B.13

4 0.1z

5 .14

& 8.14

7 B8.14
828015
2 B8.15
18 6.135
11 6.135
12 8.1s8
TE GE
2,023 -8.04%
SEMS. RAD. LAT.
1.7 -B.%5 B.d
RIFE COLUMH MHAS
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VALID: ZEDECIS1-127 TO 210EC. oS
~=IHITIRL COHDITIOHZ-~
TS TH DTS 05 0A Lo
“' ri_-'. H H Fl___'H ‘;
“EFTIFHL “E'UFIT( F AIR PREC
~=RESLTS-

- )
b
N
=
—
XA
XA]

Y
[N AR

-1
-

I -
ST RRY]
\

]
LI ]

m
-
[t
—
D]

H TIME =M TS TH T= RT FH L LA GRMMY
1 @4,z 3.7 -@g.9 -5,.0 -G.064 29,4 9,87 9,002 10,13
2 @1z w1l —Ea.l ~5,.1 -3.24 43,4 8.0% g, 000 13,22

s 6,14 .4 -8.1 3.1 -3.84 47,2 0.02 g, 008 19,5

4 d.14 G.6 ~A.1 -2,1 -@4.644 S1.1 .02 5,008 12,79
S Aa.1s £.9 -@A.1 -9,1 -a.684 S4.32 0,62 3,668 190,282
& ".15 fel =-@A.2 ~-2.2 -@.84 S3.4 9.6%9 o,800 11,08
= Y 7.4 .2 =5.Z2 -8.04 £1.2 8.09% 8,800 11.2%Z
2 @.1¢ T.6 -B.2 =52 -@.84 £4.5 9.0% g.000 11,29
R o T 7.2 -8.1 -3 -3.84 7.0 2.02 6,008 11,854
19 B.17 2.1 -\l -3,1 -@.ad4 3.3 3.18 a,8609 11,72
11 &,17 Z.d4 ~A, 1 =51 -6.484 T1.5 6,18 9,005 11,38
PR & T 2.6 @1 -3,1 -0.84 FTILS A.10 9,800 12,0z

TE E

. 822 ~6,946

=EH3. RAC. LAT. T.EMT. @.EMT, GLTOT.
1.2 -@.5 8.6 #.219 -~B.3211 1.13

RIF COLUMH MES OVER WATER 12 HOURS

DEFTH OF FEL = 1,957 KM

SHOWFARLL = 0.9 CH

CLOUD AMOUNT 7.4
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VALID: 1S0EC21-082 TO 130EC/ 127
==THITIAL CONDITIOHS--

T3 TA GTa as QA [a25 T o i U
5.2 =78 g, 500 a6 R 0,5 @5 1,458 12,5

[ i
VERTICAL VELOCITY OF AIR FARCE
-—-RESILTS-~

r..
il
—_
.
L
O
=
V)

TIME SH = TA T= ET =H Lo LH SRMMA
1 R als) £.2 -7.4 -10,3 -0,04 23,6 0,00 0,000 11,23
e .24 £.3 =7.% -11.4 -3.24 2a.4 .00 g.a00 12,14
3 U.UB £.3 =-8.2 -11.5 -5.94 31.9 g.03 0,060 2.4
4 A.49 £.3 -28.7 -12.2 -2.94 31.4 d,600 4,060 12,73
S B.a9 6.2 =2.1 ~-l12.& —@.84 31.9 9,09 g.a00 12,02
5 B.99 .2 =%.6 -12,1 -B.04 22,3 @00 0,800 13,32
©ol.41 £.2 -2.6 -12.1 -0,84 32.3 9.47 4,000 z.9v
21,26 7.2 =7.6 -11,1 -@.84 95,2 4.44 §,680 12,67
21,21 7.8 -€.3 -10.2 -9.94 73.Z B.4% 9,000 12.41

19 1.2¢v 8.2 -5.% -3.4 -0,17 26.3 .41 6,133 12,13
11 1.2%2 2.2 -4.2 -5, -0,13 22,2 8.4 6,411 11,73
12 1.17 F.3 -2.8 -T.D -001% 25,70 0.48 9.3261 0 11,41

TE GE
B.848 -0.155

SEHZ. FAG. LAT. T.EHT. 0
Ter =0B.3 B9 (.42 ~0, 808
AIR COLUMM MRS OWER WRTER & HOURTD
LEFTH OF PEL = 1.u14 kit

SHOWFALL =
CLOUD AMOUNT

oL TOT.

-
i

. s
S 2,35

[N
)
=
e
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VWALIC: 120ECSL-002 TO 12DEC/123
-=IHITIAL COMDITIOMS--
TS TH LT= Qs oA T T3
2.3 =V 9 4,566 £.8 60,2 8,235 -10.3 0
WERTICAL WELOCITY OF AIR FAFCEL = .73 CM-3
—=FEZLLT -~

TIME £H 3 TA TS FT Fi4 Lot LH GAMMA
1 8,88 F.3 =7.2 =18,7 -3.84 29,46 g.049 G.a009 11,71
2 8,83 B3 =7V .5 -11.06 -@,084 20,1 9,09 3,008 11,26
2 B.a8 £.3 =V.7 —~11.2 -a.84 38,9 9,099 G.600 12,41
4 G.94 .3 ~V.3 -11.4 -G.@4 25,3 4,499 9.009 12,16
SoR.60 £.3 ~2.1 -11.6 -B.04 23,2 85,00 0.959 12,31
OB & PR [ g.2 =8,72 ~-11.32 Q.89 23,2 6,69 3.000 12,46
7oo1.78 .8 -7.2 -18,7 -3.84 22,7 4,47 a.000 12,08
2 1.2 7.2 -f,Z2 -3.7 -0.84 54,3 6,44 0,008 11.70
2 1.13 7.8 ~3.32 -3.3 -0.8d4 ED,5 9,42 g.aon 11,32
1 1,14 5.2 4.7 7.2 -0.84 TE.5 B.41 J.900 11,02
11 1.09% 2.8 ~204 -e,2 -6,17 0 85,2 8,40 9,120 10,22

12 1.48% IEO-2.5 -eld -0L17F 38,0 A.40 9,222 19,532

LAT. T.EMT. RQ.EMT. €.T
7. -7 Haed B.224  -B.454 2.5
AIR COLUMH WAS OVER WATER &  HOURS

CEPTH OF FBL 1.315 KM

SHOWFALL = P NG

CLOUD AMOUHT = 2.7

ANIR ]
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WALID: 13DECE1 -G
==IMITIAL COMDIT

“ 120ECA122
10
15 TH GT
S
1]

: s on R
-BA F.B @53 A.23 Ao
OF RAIR PARCEL = &8 CH/%

=gy
G-
0

of

J
RN

o

.3 =7.A Aa.

—

WERTICAL YELODITY
—~RESUL TS~ .
TIME SH 5= TR Tz RT  RH DO LM GANMMA

3

1 @.48a 2.2 =V.8 ~18.5% -08,04 23,35 9,90 g.ag 11,57
2 B8.404 5.3 =F.8 ~18.5 -Q. 04 22,6 4,00 .08 11,38
' 3 8.0/ £.3 -¥.1 ~-18.6 -9.94 23,3 0.0 9,800 11,52
4 9.434 .3 =V.1 ~18.6 -3, 04 22,5 0,00 O0.68000 11,62
5 B.08 5.3 ~7.1 ~-10.,6 -3.84 22,0 9,80 0,060 11.<1
5 B.689 £.27 ~¥.1 ~-10.6 -B.04 27.95 0.908 3,806 11.<2
71,13 £.2 =5.2 =34 -0, 084 27.0 0,47 G.000 11,135
8 1.12 T2 =4.8 =-3,2 -68.84 45.73 O.44 9.080 19,72
@ 1.66 7.9 =208 7.3 -6,084 S2.7 Q,.4% g.oa0 14,328
15 1.9 2.2 =2.2 =-5.2 ~-0.04 £3.5 @.41 4,068 10,03
11 g.28 2.2 ~-1.2 -5.4 -H.04 TF7.7 8.22 4,000 9.73
12 B.32 2.2 ~-1.8 ~4.5 @14 22,9 4,32 4,053 Q.50

TE  0E
A, 024 ~B. 164
ES

] FRO. LAT. T.ERT. QEHNT. 2.TAT.
.3 —@.E H.l B.234  -@, 207 z.352

HIF CULUMH WA OYER WATER & HOURS
CEFTH OF FEL 1.512 kKM

SHOMFALL = g8 Ch

CLOUD AMOUHT = z

KU
-
X

HED
&




VALIR: 13CECS1/80Z2 TO 13DEC/123
—=IHMITIAL COMDITIONZ--

TS TR LTS 25 ﬂH (KA TS
VMERTICHL VELOCITY OF AIR rﬂrlEL 2.5
--RESULTZ--

TIME SH TS TR 3 ET FH

5.3 =7.8 Q.5608 /.0 0, G232 ~-10.5
I

]
I

1.44

~11.1 -@. 13
~13.2 -0, 18
-9

2.7 -n012

FON G
o R D s T ]

Wl m

1 6.89 6.3 7.7 -11.2 -a,a4 23,8
2 B.0a 6.3 =5,4 -11.2 -@, 04 21,3
2 6.98 E.3 =21 ~12.8 ~6,84 2.3
4 #.08 G.2 =-3.8 ~-13.37 -a,04 23,5
S @a.60 .2 ~18.5 -14.08 ~a.04 24,2
B & I 6 £,2 -11.2 -14.7 -8.84 2¢,
7T 1,35 f.2 -18.3 -12.8 -b, 04 37.
2 1,51 T.2 ~9.5 -12.0 -8.484 d.
21,47 T.00-2.3 -12.2 -6.16

8.3

2.8

2.2

ICA = QR

.
DI SN R 0 K a I
—

DoV A RY i )Y
r¢

e
. et

e
-3.174
RAD. LHT. T.EHT. GLEMT. @,

1

L A
5 M
o
n)
)

[n)

o
D E [\x]
~4 001

l..-- _____

AIR COLUMM WAS OVER WATER & HOUR:S
DEFTH OF FEL 1.515 KM

SHOWFALL = .3 o

CcLOUD AMOUMT S

o= il

-1.4 1.4 @, o300~ 02 2.5

187

ok

130

M

Lol L
@, aa 12.64
A, aia 12.52
G.a3 Q.08 12,60
g, 88 12.4%
H.G@ 2096
F.600 6,000 14,47
0,47 14,12
7,44 12,57
G473 13.72
@, 41 12,36
8,41 .62
3,40 B.EFE 12,78

GARMMA

Ao I o
XX X

AR B
D
AN NX)

)

,_
.
A Wy
)R
S )

A
[ax Wax]
L Q) T
Do le A WO

QORI
o X2

14‘;
-
R

TOT.
13




APPENDIX G

FORECAST RESULTS

Sections G1-G3 of this appendix list the input para-
meters and results of the test cases used for model veri-
fication. The output appears in bulletin format and
includes a summary of the total change in temperature and

mixing ratio due to diabatic processes.

P T P U
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12-HOUR FORECAST RESULTS

YALID: 16NOY31/122 TO 17HO0Y. 837
——INITIAL COMDITIONS——
TS TR DTS 0% mA oo TS 0 :
18.6 -1,8 8,250 7.9 1.6 6.199 -12.0 9.2 1.425 9.5
VERTICAL VELOCITY OF AIR PRFCEL = 0 CHM/S
-—RESULTZ-~
TIME 24 T TR T8 RT RH DR LH GAMMA
12 9.37 13.6 4.8 =£.2 -D.12 94.5 0,26 0.123 13,24
TE  GE
9.0945 0,174

o
i

SEHNS RAD. LAT. T.EMT. @LEHWT. C.TOT.
3.2 -1.2 1.2 R.4c6 =1,3224 2,10

ARIR COLUMM WAS OVER WATER 12 HOUES
CEPTH OF PEL = 1.585 KM '
SHOWFALL = 8.8 LM
CLOUC AMOUNT = 2.8

L0

VALID: aHow21.122 To 21HOv/e62

-=IHNITIAL COMDITIONS=-—
T= TR DTS s A AN T2 (I 2a U
2.8 z.0 f,.2372 7.8 2.9 B.1e7 -0 1.2 1.56% 11.2
Eg;IF‘IHL "ELﬁF‘ITY or AIR PHPF‘EL 8 CHeS

——RESULTE~-—

TIME =H TS TA Ta RT FH L LM GAMMA
12 4.3 i2.¢ £.2 ~1.8 -8.14 86,4 6.23 9, 1; 4]
TE DE

SENS PHD LAT. T.EMT. GLENT. G.T0OT.
3.6 -2 a.z B.123 -~-B.5%4 2.35

AIR COLUMN HAS OWER MATER 12 HOURS
DEPTH OF PBL = 1,525 KM

SHOWFALL = 9.4 CH

CLOUD RMOUNT = 5.1

A
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VMALID: 2FHOVSL1-12Z2 TO 2gH0y.- 89l
-=IHITIAL COMODITIONS--

TS TA DTS QS oA oS 5 o 2% U
2.8 -6.8  @.300 7. 1.1 G160 -19.0 0.7 1,515 14,7
VERTICAL VELOCITY OF AIF PARCEL = & CM/3

-=RESULTS——

TIME €H T= TH 2 RT FH [ LH GAMMA
12 @a.5¢7 11.8 3.8 -5.3 -@,14 0 29,53 4,5 11.7
TE GE

8. 045 -8, 204

SEHMA. RAD. LAT. T.EHT. G&.EHMT. &.T0T.

T.¢ =-1.2 2.2 @.427 =1.24 ﬁ.SC

RIR FnLHMH HMAS OYER WATER 16 HOURE

DEPTH OF PBL = 1.615 L]

PRECIF WATER = .1 GRAMS

SHOMFALL = 1. M

CLOUD AMOUNT =

iu l\J
|‘1 |"|

VALID: 2IHOME21.-06Z TO 21HOVA122
-~THITIRL COMDITICONZ~-
TS TH DT= 0z GR ket
16.9 5.8 [, ZAE 7.7 5.5 G177 -
VYERTICAL WELDCZITY 0OF ARIR FRARCEL = @ CM-
~~RESULTS~-
TIME SH T= TH TE FT FH 8] LH GARMMA
12 a.20 13,4 .94 -3.1 -0.,84 TF7.6 O.14 9,300 S.7e
TE QE
@, 0901 -6,p08%
“EHZ. RAC. LAT. T.EMT. GCLEMT. @.T0T.
1.2 ~G.5 B.@ A,014 -3.622 .29
AIR COLUMH WA OWER MATER 123 HOURS

DEFTH OF FPEL = .’ﬁﬂ M
FRECIF MATER = 6.8 GRAMES
SHOMFALL = Q.6 o

cLOuUD AMOUHT = 1.6

YALID: 1DEC31-,122 TO ZDEC-G82
--IHITIAL COMDITIONS-~

TS TA 0TS oS oA Dos o TE 63 ZE U
8.4 -2.8 B.37S 7.0 8.8 182 -15.2 8.8 1,332 14,7

VERTICAL YELOCITY OF AIR FHRCEL B CHAS

~=RESLLTE-~

TIME £ZH TS TH T ET Fh [ LH FHMHH
12 a,77 11.4 <44 ~7.7 -0.14 10208, A.2 3
TE NE
. 044 -0, 134
-EHC. RHD. LAT. T.EMT. R.EHMT. @.TOT.
A B 1.7 Q.322%2  -0,922% .97

HIP CoLum RS OVER UHTEP 2 HOURS

i}
M
1
=)

CEPTH 0OF FEL = 1.513 KM
FRECIF MATER = @.1 GEAMZ
SHOWFALL = A.7 CH

CLOUD AMOUNT = 3.6




VALID: 4DEC21<127 TQ SDECAGRZ

~~THITIAL COMGITIONS-~
T TA 0TS o= R |GK
7.2 3.0 (5 1515 .7 2.4 @120

VERTICAL YELOCITY OF AIF PARCEL = H

—-—RESI_TE~—

TIME =H TS TA 3 RT FH Lo I_H =AM
12 8.12 1a.2 4.2 ~4.3 -6.11 24,3 3,13 /.97 10,32
TE nE

B}.4623 ~-A,.A354

SENS. RED. LAT. T.EMT. GLEMT. 2.707.

1.7 =-8.7 A.1 B.153 -B.2%4 1.2%

AIR COLUMH LIRS OYER WATER 19 HOURS

DEPTH OF PEL 332 KM

SHIWFRLL = .8 CH

cCLOUD AMALUMT 7.2

o—Aln
Ii__J

D I W
[ S Nx]

I

YALID: 2OECS1-122 TO SCEC/38Z
—=IHMITIFL COMDITIONS -
T” TA DT’ GBS GH ol Ta i oG
! 2.4 .44 .8 2.7 9.222 -5.8 1.5 1,820 5.0
”EPTIFHL ”ELDCIT; NOF AIFR PARCEL = B CH-S
~-=RESUL TS~
TIME <H 1% TA T2 RT FH Do LH GAMMA
12 RB.22 149.4 4,2 =3.7 -A.64 T2.4 0O,16 6,000 Q.22
TE 0E
QA.012 -a,632
SEHS. FALC.
1.7 =-P.5
ARIR COLUMH WAS
DEPTH OF PEL =
SHOWFALL = &,
CLOUD AMOUNT

s

CEMT.  RLVEWT. 6L TOT.
.@21 ~Q, 345 1.31
EP 9 HOURSE

=5
= o

=
—a

muxn—ng':\r-
M
=3
o

il
g

WRLID: 2DECE1-12Z TO 18DEC/00Z
--IHITIAL lﬂH“ITIﬂH-——

T° TA 0= es  of [ T2 oz IE u
2.2 4.4 . 147 TLE 2.5 B.027 -2.5 2.6 1.525 7.9

YERTICAL YELOCITY OF AIR FPRECEL = O CHMs5

—-=RESLLTS -~

TIME =H TE TH TS ET ~H Lo LH GHMMA
12 @18 1e.2 5.5 -1,0 -@,1% 35,7 6,12 0,192 7,20
TE e

. an3 =0, 031

'EH“ REAL. LAT. T.EHNT. OLC
1. -1.5 1.1 A.OEY  -3.1

HIF FﬂLUHH WAS OVER WATER 12 HOUR

T. Q.T0T.
= 1.74
F

DEFTH 0OF FEL = 1.53% EM

SHOUFALL = g.a CM

CLOUD AMOUNT = S, 2
N — P




192

YALID: 1ACECE1-122 TO 11DEC/08I
-=THITIAL CONDITIONS~--

TS TA DTZ ns  Of AR T e ze 1
7.1 5.2 A. 373 6.1 2.% @.213 -2.0 2,2 1,323 7.4
VEPTIPHL VELOCITY OF AIR FEFCEL = 8 CM-S
-=RESULTE-~-

TIME ZH T35 TH TS ET FH Dt LH  CAMMA
12 a2.12 1a.1 6.2 -1.7 -Q.16 24.7 9.14 @.1260  7.7!
TE RE

Q.08 ~0,021

SEMZ. RAD.  LAT.  T.EMT. GLEMT. OLTOT

@.7 -1.1 6.7  ©.954 ~0,093 1,095

AIR COLUMM WAS OYER WATER 5 HOURS

DEPTH OF PBL = 1.S25 KM

SNOWFALL = 8.0 on

CLOUD AMOUNT = 5.2

YALID: 16DECE1-127 TO 170EC/902Z

~—INITIAL COMDITIDHS~—
TS TA DTS @3 oA opos Ts @3 Z5 M
£.4 £.0 @375 6.0 Z.% D.17S ~6.0 1.3 1.535 7.1

YERTICAL WELOCITY OF AIR FARCEL = o CHM/3
~-RESILTE~-
TIME &H T8 TH Ta T EH 2] LM
12 @.47 2.7 5,9 -5.1 -8.084 77.7 Q.97 4,909 2.2V
TE QE
g.911 ~6.014

SEHE. FRD. LAT. T.EHT, OG.EMT. @.TOT.
Q.3 -A.3 a4 Qa2 -0, 027 w50
AR COLUMH MRS OVER WRTER & HOURS
GEPTH OF PEL = 1.&22 EM
SHOWFALL = g8 o
CLOAUD AMOUNT = 2.7
VYALID: 19DECS1/122 Tﬁ 2BLEC aal
«=INITIAL COMDITIONS-
TS TR DTS ﬂ? (2] Les Ta P 25 I
.2 -5.9 9. 304 S.S 6.3 @, :F_ -23.0 1.3 1.459 14,7
YERTICAL WELDCITY OF AIR FARCEL = @ CHM/%

-~PESULTE~-
TIME %H TS TA TE RT FH DO LH GRIMMA
12 /.46 8.2 1.7 -2.3 -0.12 101.5 @22 0.345 7,29

TE e
G, 01E -0, 050
SEMT. FHU LAT. T.EHMT. @Q.EHT. &.TCOT.
5.2 ~1.5 2.2 1. 133 -9, 05 2.
AIR COLDMH MRS OVER LIATER 10 HOURS
REFTH OF PBL = 1,519 KM
SHOWUFARLL = fa.7 CH
CLOUD AMOUNT = V.32
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VALID: 22C0ECE1/122 TO ZELEC-AOZ ‘

=-THITIAL COMDITIOHS -~ !
TS TA oT= {5 0OF oo TS a2 o 1 '
S.1 a.aq g, 5600 5.9 1.7 @21z -7, 1.1 1.45% 12,03

VERTICAL YELOCITY OF -AIR FAFCEL = 9 CM-~

~=RESULTZ--

TIME SH TS TA T2 BT FH (8] LH GAMMA
12 A.35 a1 2.2 =S.2 - 12 SZ.7 A,21 2,944 a,ze :
TE CE i
/.04 -0, Q77

SENS. RAD. LAT. T.EHT. Q.EHT. 2,707,
2.7 =05 n.o 2,032 -Q.z269 1.71

ARIR COLUMH MRS OYWER WATER 23 HOURS

CEPTH OF PEL = 1.518 KM

SHOWFALL = 2.8 CH

CLOUD AMOUNT = S.6

DOCRY 3

YALID: Z3LECB1/12Z TO Z4DEC/66Z
~=INITIAL COMDITIONS--

TS TR DTS 22 0OA Doz Tz ne: e 1
S.1 -2.68 @, 468 9.0 2.0 8.1TH -2.% /4,2 1.,4%3 11.5

VERTICAL YELOCITY OF AIR PARCEL = & M-S

=~RESULTE~~

TIME SH TS TH T FT RH O tH CARMMSA
12 a.41 2.1 @9 ~4.8 ~a.894 TSI 0,13 2.06%0 Q1

TE CE
A.912 -a.aA32
SEHN3. RHD. LAT. T.EHT. QLEMT. Q.T0OT.
4.2 -5 (.8 N.131 -8.2%3 .82
AIR COLUMH WRS OWER MWATER 10  HOURS
DEPTH OF PEL = 1,365 KM
SHOWFALL = 8.9 CH
CLOUD AMOUNT 1.2

1)

VALID: 2S0ECS1-122 TO 2EDEC- Q92
-=INITIAL COMDITIOHS~-

TS A 0TS s LR DS T oo 28 u
2.3 5.4 @4.000 7.0 4.0 00000 3,5 1.3 1,430 2.2

VERTICAL VELOCITY OF ARIR FRRCEL = 1 CHM/2
—-—RESULT G-
TIME =M TS TA T3 FT FH Lo LH GARMMA
12 Q.23 3.8 .9 1.5 ~6.04 =2, 7 =
TE LE
3,001 -0, 003
ZENS. RAD. LAT. T.EMT. Q.FEHT. o.T70T.
2.2 -@.5 4.3 A.0814 -6,0%24 1.1%
RIFR COLUMH WRAZ OVER WATER 12 HOURS
CEFTH OF FEL = 1,420 KM
SHOMFELL = B.9 €M
CLOUD AMOLUNT = .0
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WALID: BORECE1-127 TO Z10EC/00T

—~INITIAL CONDITIOMS--
Ts TR OTE 63 fA_ 063
S5 A, A, 254 e T . A. - a6

YERTICAL ”ELHCIT( OF AIR PRRCEL = .5 CH/G

——RESUL TS~

TIME SH TS TR T8 RT  FH 0O LM GAMMA
129,16 8.6 G.6 -2.4 -0.84 TI.Z 0,16 0,000 11,54
TE  GF

A, G272 -0, 0483

SENZ. RAD. LAT. T.EWT. @.EMT. .TOT.
1.7 -R.5 6.0 B.187 -B.281 1,13

AIR COLUMH WAS OYER WATER 12 HOURS

DEPTH OF PBL = 1.S87 KM

SHOMFALL =  @.0 CM

CLOUD AMOUMT = S.6

WALID: SCECE1-GHZ TO 2DEC/12Z
-=IMITIAL CONDITIOHE--

TS TH DTS 0% OA DS z o2z U
7.4 4.8 0,300 €.5 3.5 0.150 -4.5 1.5 1,740 10,2
VERTICAL WELOCITY OF AIR PARCEL = 0 CMA4
~—FESUIL TS

TIME =H TS TH T3 ET FH S8 LH CRMMA
12 8.21 14.4 5.9 -3.8 -R.84  TFE.D 0,14 @, 609 S.TE
TE e

a.04d91 -9,0893

SENE. FRG. LAT. T.EHMT. QLEHT. LTOT.

1.2 -B.5 2.4 g.8t4 -a,021 1 5

AIF COL”HH WAz ﬂ”EF WATER 18 HOURE

DEFTH OF PEL = TE KM
SHOWFALL = B.G EH
CLOUD AMOUMT = 1.3

VALID: 1ZDEC21/.607 TO 130DEC/1E
-=IHITIAL COHDITIOME--~

T3 TH 0TS Nz oR  DES T8 o3 2R u
£.2 ~1.8  A.2e0 6.1 1.7 @.150 -11.8 6.2 1,548 2.7

VYERTICAL WELGCITY OF AIR FAFCEL = # CHe%
——FESI_T S~

TIME Z=H TS T4 T ET F"H [l LH GRMMA
<

12 @51 .3 2.6 -2.0 0,10 3.0 418 6,031 11,50
TE  RE
a,044 —-3,120
SEMZ.  PAD.  LAT.  T.EWT. O0LEMT. . TOT.
2.2 -A.7 3.1 15 Pt B B el 1,87
AIF_COLUMH WAS OVER WATER 10 HARS

CEPTH OF FBL =
SHOWFALL = .
CLOUD RMOUNT

ad M
Fi

)

',:\l'-_')n—-

L]
|
|
t d
'




VALID: 140ECS1-08Z TO 14DEC-1ZT
-=INITIRL COMDITIONS--
TS TA CTs s A Rk T na 2= i
A.7T =2.0 A, 264 €.1 1.5 0,180 19,5 9.7 1,735 14,7
VERTICAL YELCCITY 0OF HIP PRRCEL = @ M-z
-—RESULTS--
TIME &SH TS TA TS =T =H D LH GAMMA
12 a.41 2.7 2.4 =501 ~-@A,14 26,3 0,29 0,227 2,82
TE fE
B.622 -a,169
SENZ, FAD. LAT. T.EMT. GLEHMT. G.TOT.
5.8 -1.4 1.2 9,244 -@, 559 :.?:
AIR COLUMM WAS OVER WATER 19 HOLRS
DEPTH OF FBL = 1.502 KM
SHOMFALL = 2.0 CM
CLOUD AMOUHT = 2.0
WALID: 1SDECS1-08Z TO 1SDEC/1Z22
~=IHITIAL COMDITIOHZ~-
T’ TP OTs @S A Dz < e on 1
T =20 B.273 LH 1.2 Ba01z2se 13,0 0,8 1,525 2.8
EETIFHL ”ELUCIT( oF HIF PHFFE' I T W &
~~FESILTS~
TIME 3SH T= TH T2 ET FH oo LH SHMMA
12 a.31 o3 1.8 ~-5,48 -A,11 23,2 6,17 6,041 10,65
TE LE
Q.022 -a,027%
SEME. P.F![v LHT. T.EHT. GLEMT. 0. TOT.
3.8 =B.4 @1 A, 157 -0, 225 2.1z
AIR COLUMH MRS OWER LATER 12 HI !U '
CEFTH OF FBEL = 1.65% KM
SHOWFALL = a.8 CcH
CLOUC AMOUNT = 7.5
VALID: 12DEC21-.00Z TN 12DEC/122
—=INITIAL COMDITIONS--
TS TA LT RN D= T Gis 22 I
£.2 ~7.0 A, 300 6.2 8.2 | I27 -18.% .46 1,459 12,2
YERTICAL YELOCITY OF HIRE PARRCEL = (1.5 CM/S
-=RESILTS~—
TIME SH TS TH TS FT FH i LM =1g =]
1z 1.17 2.7 =2.2 SF.3 =001 9503 0040 0,281 11,91
TE E
01,042 -6, 1589
“EH=. RAC. LHT. T.EHNT. Q.EHT L TOT.
7.7 -0, 7.9 B, 242 -3, 526 .59
ATE COLUMH WARS OYER WATER & HOURS
LEPTH OF PBL = 1.%15 KM
SHOWFALL = .2 CH
CLOUD AMOUNT = 2.2
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VALID: SeLECZ1-00Z TO 2e0EC-/122
~~INITIAL COHDITIOHZ--

T3 TR TS 2E 0GR DRE TS @3 23 i
5.2 @8/ 1,239 5.2 1.5 ©.140 -4.0 1,8 1,420 19,2

VERTICAL YELOCIT¢ QF- RIR PARCEL = g CM-3

~=RESULTS-~

TIME &H T3 TR T3 =T R Dﬂ LH  GEMMA
18 8,32 2.2 2.3 -1.9 ~8.17 23.2 9.1%2 8.977 7.8
TE QE

0.910 ~2,823

SENT. RAED. LAT. T.ENT. f2L.ENT. ©Q.TOT.
3.1 -a.7 2.1 9.432 -43,372 1.3%3
AIR COLUMH MAS OVER WATER 12 HOURS

CEFTH OF FEL = 1.420 KM

SHOWFALL = ®.9 CH

CLOUD AMOUNT = 1.5

VALID: 23DEC31l/602 T ZBDEC/1EZ
~=~IHITIAL COMDITIOMS~-

75 TR DT3S ns 0R DRS = on2 I 1
£.1 -7.84 @273 5.8 1.2 8,128 -12,5 8.6 1,455 12.%

YERTICRL «ELUPIT( OF AIR PARCEL = @ CHM-S

-~FEZULTS~

TIME SH T8 TH TS ET FH o LH o GARPMA
12 @.52 9.1 -85 -6.4 -9.14 24,2 0.22 8.054 14,35
TE e

A.02% ~0,9%2
SEHE, RAC.
£.8 0.3

L T.
5]
AIR COLUMH LIRS Q"
1.
&)
7

T. T.EHT. L.EMT. @.T0
2 B.275 -8.673 2.5
/ER WATER 11 HOURS

DEFTH OF FBL = 1.565 KM

SHOMFALL =  @.9 C

CLOUD AMOUMT =

WALID: 250DECS1/082 TO 28DEC/122Z
~-~THITIAL CONDITIOME -~
T3 TA DTS RS A DB T5 @28 28 U
5.9 -10.8  0.27% 5.7 0.8 B.1E7 ~14.0 Q.6 1.46
YERTICAL YELOCITY OF AIR PARCEL = © CM/S

~-RESULTS--

TIME SH S TR T RT  RH DB LM GAMMA
12 8,61 8.9 ~&.4 -£.4 -0.15 24.7 Q.24 0.077 10,45
TE OE

0,927 -8,887
SEMZ. RAD. LAT. T.EMT. Q,EHT. Q.T0T.
2.1 1.1 2.2 B.39% -0,31%2 2.ve
AIR COLUMH WAS OVER WARTER 11 HOURS
CEFTH OF PBL = 1.373 KM
SHOWFALL = B.0 CH
CLOUD RMOLINT = 7.5

I

i




YALID: JMDECZS1-008Z7 TO 2I0EC/12Z
=-INITIARL COHDITIOMS--

T3 TR OTE oS GA CRs
5.6 -3.9 a.027 5.7 1.7 @.11a@
YERTICAL WELOCITY OF RIR PARCEL = 68
—~=RESULTS~-
TIME &H TS TA Ta FT FH
12 B.42 5.9 =2.3 =-3.2 -6.1% &7,
TE QE
0.623 -3,870
SEME. RAD. LAT. T.EMT. BQ.EHT.
.1 -1.A4 8.2 B.253 ~A.741
AIR COLLMY WA ﬂ”EP WATER 11 HOURS
DEPTH OF PFBL = 1.5249 KM
SHOWFALL = 6.8 CH
CLOUD AMOUNT = 2.0
VALID: 9JAMS2122 TO 16JAH-80Z
-—IHMITIAL COHDITIOHZ—~
TS TR DTS s O Las
4.7 5.2 A. 540 3.9 3.8 Q,z194
VERTICAL WELOCITY OF RAIR PARCEL = 4
-=REZULTS~~
TIME SH TS TH T& BT FH
12 @a.4% 7.7 4,8 =-3.7 -4a.04 84,
TE GE
[.681 -@,68a81
SEMZ. FALC. LAT. T.EMT. O.EHNT.
g.2 -8.% (% PR ] ".15 —G,.a16
AIR COLUMH WAS OWER WATER & HOURS
DEPTH OF FEL = 1.468 kKM
SHOWFARLL = @a.a o
CLOUD AMOUMT = 6.4
VALID: 16JAM22,122 T0 11.JAM 887
—=IHITIAL COMHDITIOMZ--
TS TR LTS Nz A DS
r s 7.6 3. gac .2 5.5 8,000
YERTICAHL WELOCITY OF AIF PARCEL = 1
-=RESILTE-~
TIME £SH TS TA Ta ET PH
12 9.14 7.7 Z.4 2.9 -g.64 4%,
TE Qe
p.oaL -0, 001
SEHZ. RADC. LAT. T.EHMT. GLENT.
1.8 -A.5 @.a g.81%5 -@,311
AR COLUMH MRS OVER MWATER 12 HOURS

=

rj-

-
-

DERTH OF PBL
SHOWFALL =
CLOUD AMOLMT

1.446 KM
a3 M
7.4

a2 R2 ot i
-13. ﬂ 9,6 1.470 11.2
M-S

[ LH GAMMA
a2 f,12 9.122 149,721
H.TOT.
.15
T3 o s i
~2.5% 1.7 1.4603 7.0
CM.rs

(MK LH GAMMA
1 4,599 9,084 ves
. T0T.
H. 45
TS 0 232 ]

5.5 2.2 1.468 7.%

G e

o LH GAMMES
Toa.nz o, 6003 S 28
CLTOT.
0,25

1
I




VALID: 13JAMB2/127 T0 14.JAN/GAZ

—-THITIAL COFDITIONS--
TS TA LTS g ok
.1

2.2 =8.8 f.555 . 4 Q94,5 1. 1
”EFTIPHL “ELDPIT( ﬂF HIF PARRCEL =
-~RESULTS~
TIME SH TS 2 : . ) LH

12 8.54 8.2 .3 i z “f

TE GE

f.022 -A.862

SEHS. RAD. LAT. T.EMT. G.ENT.
4.3 -A.5 9.9 8,263 -0,400
AIFR COLUMH WARS OWER WATER 9 HOURS
CEPTH OF PBL = I.JFH kM

SHOWFALL = 1 CF

CLOUD AMOUNT

YALID: 28JANZ22-,122 TO 21JAH/6G6Z
--INITIAL COMDITIOHS--
TS TA D12 DS QAR DO
2.2 2.9 G, IAE 4.2 1.2 B9.17S
WERTICAL WELOCITY OF AIR PARCEL = @ CH/3
-=RESULTS~-
TIME &H TS TH TE RT RPH DR LH
12 8.23 2.2 2.2 -B8.2 ~-68.84 £2.6 8,17
TE GE
a.0a1 -0.0035
SEME. RAD. LAT. T.EMT. OLEMT. @.TOT,
2.2 -@.9 .0 @.814 -0.6%24 2.832
AIR COLUMM WAS OVEE WATER 12 HOURS
DEPTH OF PEL 1.498 KM
SHOWFALL = 1.8 CH
CLOUD AMOLINT A

T8 02

YALID: 2JRHNSEZ/882 TO 3JAM-122
--IHITIAL COHDITIONS--
TS TR LTS n° A DR
3.8 ~5.68 0.444 4.7 2.2 @.2ZZ2
VERTICAL VYELOCITY OF AIR PHEFEL @
~~FESULTEZ--
TIME 2H = T RT RH DO LH
12 9.47 2 f.2 -2.84 61,2 Q.16
TE (e
8,001 -a,004
SEMS. RHD. LAT. T.EMT. GLEHT. £G.TOT.
4.2 =B.%5 a.0 G.015 -p.820 0 1.34
AIR COLUMte LIRS OYER LIATER 2 HOURS
CERPTH OF FBL = l.44a KN
SHOWFARLL = 8.9 CH
CLOUC AMOUNT = 4.9

GAMMA
11.62

i

C'
175 2.6 3.9 1.4%@ 12.0

GARMMA

T e

e

b}
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VALID: 312AHEZ2-.127 TD IFEE-0AZ
-=IHITIAL COMDITIOMNS--

T3 TA DTS 25 (A Lozt 3 s o i

.4 =30 A, 2323 4.8 2.8 [A.132 12,5 3.6 1,423 2.4
VERTICAL WELOCITY OF AIR PRRECEL = @ CHo3
~~FEZULT S~
TIME <H TS TH T2 RT FH [ LH GAMME

12 6.z5 Y.l =-@.2 -2.7 8,84 Tl A,13 0,000 11,43

TE QE

B, OZ3 -n,052
SENS. FAC:. LAT. T. EHT. NLEHT. Q.T0T.

3.4 -A.5 6.4 a. -0, 257 1.21
AIR COLIIMH MRS '”EF MHTEP 11 HOLRS
DERTH OF FBEL = 1.579 KM
SHOWFALL = fa.8 CH
CLOUD AMOUMT = S.1
WARLID: IFEB22-12Z7 TO ZFEB-GBZ
~=~IHITIAL COMDITIOME~~

T” TH LTS @3 A RS s (R -z 1

S =3Ln g, 23R4 4. 1.2 @.,1z27 -192,9 4,7 1,519 2.5

. =7 ~10,
VERTICAL YELOCITY OF AIR PAFCEL = & CHV3
~-RESILTS-~
TIME SH  T5 TR T8
12 @.38 7.4 -0.2 -7.7
TE  &f
9. 023 -G, 079
SENS.  RAL,  LAT.  T.EMT. @.EMT. ©.TOT.
2.2 ~6.5 B8 9,148 -§.278 1,67
AIR COLUMH MRS OVER WHTER 11 HOURS

RT FH Lo
12 20,2 4,15

DEPTH OF FEL = 1.592 KM
SHOMWFALL = a.a oM
CLOUD AMOUNT = S.1

WALID: 4FEES2-127 T0 SFEE 097
~=IHITIAL COHGITIOMS--

LH

0y, a0

TS TA bTS 0s o BA KRR T RS o 1
.2 =5.8 B.333 1 Y a.7 fa,12% ~-16.9 2.4 1,425 12,8

“EPTIFHL “ELDCITY OF AIR FﬂruFL = 90 CHeS

—~=REZIILTE-~

TIME &H T= TH T2 RT FH Lo
12 @27 7.2 g.4 -11.1 -0.11 2404 0,21
TE e
B.01% -0,142

SEME. FAD. LAT. T.EHNT. GQUEHT. 0, 10T,
.1 =1.4 1.2 A,.462 =1.169 oLaE

AIF COLUMH WAZ OVER WATER 12 HOURS

DEFTH NF FEL = 1.€6835 KM

SHOWFALL = 0.8 oM

CLIID AMOUNT = 3.8

LH

0, s

SAMME
12,724




B
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YALIGD: SFER2ZA12T T SFERCQBZT
-=IMITIRL HDITIHH-——
TS TA LT3 s OA IR Ta AR o i
2.2 -1.89 9,333 4.7 1.4 @125 -12.5 /.2 1.460 7.4
VERTICAL YELOCITY 0OF AIR FARRCEL = 2 .-
~=RESULTS—~
TIME SH TS TH T RT FH IR LH GARMMA
12 B8.249 7.2 @3 -10.8 -3,03 a2.4 9.12 B.0812 17,71
TE GQE
2. 6845 -0, 639
SEMS. RH&. LAT. T.ENT. Q.EHT. Q.TOT.
2.1 -9, 0.9 A.228 -~-0,545 1.48

1“1 u)

ORI

RIE FDL”HH WAS OVER WATER 12 HOURE
DERFTH OF PBL = 1.5280 KM

SHOWFALL = @.0 CH

CLOUD AMOUNT = 2.8

VALID: GFEBZZ<1Z2Z TO FFEB-GAI
--IHITIAL CONDITIOHS-—

T3 TA DTS 0% 0A LOS T [p2 2 1
2 38 BUI3E 0 4.7 A.7 BL12S -185.0 8.6 1,429 8.7
“EFTIrHL VELOCITY 0OF AIF FARCEL = & Cid-%

——FESULTS——

TIME £H T TH o ET FiH [0 LH GAMMHA
12 da.41 T.Z-ET -12.% -a013 85,7 6,17 9.689 13077
TE NE

A.B4% -G, 112
SEHZ. FHD LAT. T.EMT. Q.EMT. &.T0T.
7.4 -1.2 i, 8 g.4258 <3.275 1.23
HIP COLLMHE WAZ OYER WATER 12 HOURS
DEFTH OF FPEL = 1.6688 KM
SHOWFALL = Ba.6 CH
CLOUD AMOUNT 3.0

ll

YALID: 14FEBS2-12Z TO 1SFER/G0Z
-=IHITIAL COMDITIONS--

TS TH DTS = oA Das T2 fa ] il
z2.2 o, §.233 4.6 1.2 a.z00 -5.5 1.2 1.510 <.%
VERTICAL ”ELDCITr OF AIR FPRARCEL = @  CMo%2

——REZILT S~

TIME =H T= TR T= FT =35 K0 ILH LAMMA
12 4.15 .1 Q. -4, 7 -0,0a4  £7.7 0,11 2.000 T.14
TE RE

f,.001 -0, 0672

SEMS. FARD. LAT. T.EMT. CG.ENT. Q.TOT.
1.2 ~-0.3 9.9 4,614 -5.a17 a5

AlF PnLHVH MAS OWEF MATER 12 HOURS

[EFTH NF FEL = 1.519 KM

SHOWFALL = g.0 M

cLOUD AMOUNT = @.9

s 0}

2
|l
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VALID: 19.1AMEIZ27127 TN 28.JAN-0082
-=IMITIAL COMDITIOMS--
TS TR L= AT QA (R T= oz 22 U
3.9 -4.84 8,417 4.2 1.2 @,142 -14.3 4.8 1,455 2.0
YERTICAL WELDCITY OF AIR FRRCEL = 8 CH<3
-~RESULTE-~
TIME SH TS TH T2 ET FH 0o LH  GAMMA

12 9.3t 2.8 -a.% 7.4 -4,84 72,4 .12 a,000 10,45
TE )3
f.911 -4,.034
' SEMS. RAC. LAT. T.EMT. CGLENT. 0.70T.
3.4 -B.5 a.a d.142 -@.251 1.53
AIR COLUMM LIRS OVER WATER 12 HIURS
DEPTH OF PEL = 1.567 KM
SNOWFALL = B.68 CH
CLQUD AMOIMT = 2.7
YALID: 1SFEEZ2Z-B02 TO 13FEB/122
-=IHITIAL COMDITIOMS-~
T2 TH [ S oA Dis TZ bz 22 U
S9.7 4. 2.111 9.7 2.4 g.044 ~4.9 1.4 1.519 7.5
YERTICAL “ELDFITI OF AIR PRARCEL = & CM/3
--RESULTE-
TIME 3H T2 TH T2 KT FH o] LH  GAMMA
12 22 B7 ~1.6 =-1.5 -@4.84 T59.3 4.11 @.000  3.3Z
TE QE

0,661 ~@,047
SEHS. FHD. LAT. T.EMT. GLENT. @.T70T.
2.8 -B.5 A.a B.814 -g.017 1,43

AIFE COLUMH WAS DVYER WATER 2 HOURS

CEPTH OF PBL = 1.3510 KM

SNOWFALL = 8, ﬂ FH

CLOUD AMOUNT

II

YALID: Z4FEBS2/00Z T 24FEE/127
~—INITIAL COMOITIOMS—-

TS TA 0TS &% @A Dos  TE 92 28 U
3.6 -2.8  08.259 4.3 2.5 Q.100 -2.8 6.5 1,518 7.9

VERTICAL WELOCITY OF AIF PRRCEL = @ CHMsS
~—FESULTE--
TIME €4 T8 TR T2 BT RH DO LH  GAMMA
12 @22 6.6 0.0 -5.0 -0.04 S2.6 0.08 G000 8.3
TE  GE
@061 -0, 0673
sEti=.  RAD.  LAT.  T.EMT. 0.ENT. ©0.TOT.
2.5 -0.5 8.9  8.014 -0.0z8 @, a%
AIF COLUMH WAS OVER WATER 12 HOURS
CEPTH OF PBL = 1.54% KM
SMOWFALL = 8.9 ©M
CLOUC AMOLMT N

"
ID
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YALID: ZEFERS2/A0Z TO 26FEB/127
~-INITIAL CONDITIONS-—-
TZ  TA DTS B85 A DNS . o
2.5 4.0 0.390 4.5 2.5 9.118 =-3.5 1.4 1.520 7.2
YERTICAL YELOCITY OF AIR PARCEL = @ CH/G
~~RESUL TS~
TIME SH TS TA T& RT EH DR LH GAMMA
12 Q.87 £.2 3.8 -3.7 -2.04 S52.4 0.06 0,000 5,49
TE  GE
6,001 -0, 002

SEHS. FRD. LAT. T.EMT. G[.EMT. G.TOT.
a. ~A.5 2.6 Ho814  -2.411 @a. 45
HIP lDLHHH WAS OVER WATER 9 HOURS
DEPTH OF PBL = 1.528 KM
SHOWFARLL = 2.8 CM
CLOUD AMOUNT = 8.4
WALID: TFERZ2/12Z2 TN QFEBfﬁg_
~-INITIAL COMDITIOMZ-
TS TA o= QR £A Los T2 02 I8 L
3.1 -4.08 @.323 4.7 2.8 @,125 -13.8 1.4 1.503 5.1
WERTICAL ”ELGPITr OF AIR PARCEL = B8 CHM-2

-=REZULTE-

TIME £ZH TS TA T RT FH DLt LH  GRMMA
12 &8.12 7.1 =-2.¢ -11.8 -6.04 P3.5 0,05 g.600 12,05
TE GIE

B.0z22 -6,a034

SEHS. RAD. LAT. T.ENT., GLEHMT. @Q.T0T.

2.2 =~@.3 2.9 B.240 —-0.268 [.23

AIR COLUMH MAS OVER WATER 12 HOURS

DEFTH OF PEL = 1.623 KM

SHOWFALL = 6.8 CH

CLOUC AMOUMT .2

ll
'D




WALID: 150ECE
~~IMTTIRL O
TS TR

3 -7.0

a0
——RESULTS-——
TIME 84 T

I

U

IR

1)

A Jo

Yo RN

I EAE A B Wi n I o R
Q0 Rt s e 5 0 19 e W W

L ¥ N I I o
-
SN HE N R

1 .
1 At -
1 17 o

[ e D000 S L e

im
rn}

JE
1, 125
FHD.
R A
RIR COLLMH A
CERTH OF FRL
FEECIF LATER
SHOLIFALYL. =
CLOUD AMOUMT

kX
.
P

{
AN

RN

)}
1in 2
Z

e

-,
.

DITIONS——
oTs
(3, 500

] TH T

E=Fo4 =104,
IR - RS ]
R R - N R )
L2 -ELT -1,
ICER ENE TS
LD =T A -1,
LB =ELE =-1E,
.2 =7.E =11,
S -G, 2 -1,
W3 =5, -
LB =4, -2,
L =R, -7,

LAT.

@, 3 1, et
= OWER WATER
= 1.51% KM
@, m CREAMEZ
gl

[ ]

=
LD
ot

Ta) b ek b |

=R 5 B R €

YERTICAL WELOCITY OF AIR PERCEL =

ANRAY I

T.EMT,

ol

130ECA 12T

BT
~Vi, Ad
-, (i
-1, 34
-[. 34
~-@, a4
-0, 34
-G,
-, fid
-~ Ad

55,9
ot ‘—' . -
L B ]
LI
L
2z, 2
Q% 32

BLEMT, .

0, G
o,600
o, 47
G, 44
., 43
A, 41
&, 40
G, i
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18-HOUR FORECAST RESULTS

VALID: 202EF22.-.007 TO c---F,1J"
-—IHITIAL CDHDITINH
TS5 TH LTs ﬂ“ oA Rigke = B r ¥
iz.6 13.5 #p.Ee0 14,0 5.5 0,275 4.8 1.2 1.485 172,
VYERTICAL JE'ﬂCIT OF AIR PARCEL = @ CH-/Z
--RESUILTZ-
TIME SH TS TA T3 =) FH (p]8] 4 GAMMA
12 B.35 Z2.6 S.2 .4 -B.94 F1.8 A.46 0.9009 10,92
TE NE
B.012 ~8.6073
SEHS. RAD. LAT. T.EMT. @G.EHT. GL.TOT.
2.2 =-2.7 2.9 B.204 -~8.22< a.20
AIR COLUMH MRS QVER WATER 2 HOUERS
CEFPTH OF FEL = 1.36% KM
SHOWFALL = a.8 CHM
CLOUD AMOUNT = 4.2

Q3

YALID: 22SEFSE/12Z TO 2EEEFP-GSZ
-=~IHITIAL COMDITIONS-~

TS TH LTS s OH (R T2 2 Ze U
2.6 12.5 Q.22 12,8 2.% @.173 19.4 4.3 1.309 5.0
YERTICAL ”ELUFIT( OF AIR PRRECEL = & CHM-sS

-=REZULTE~

TIME ZH T3 TA T ET FH DD LH  GRAMMA
12 9.2 22.0 12.5 18,0 -8.64 £5.7 0,11 2.9
TE CE

a.aal ~-8.6804

SEHS. FAC. LAT. T.EHT. QLUENT. G.TOT.

a.¢ -a.7 2.9 B2z —-g.041 1.€62

RIR COLUMN WAS OVER WARTER 12 HOURS

DEFTH OF FEL = 1.3260 KM

SHOWFALL = @B.9 CM

CLOUD AMOUHT = 8.9

YALID: ZECERZ2-00Z TO 265EF-12Z
-~IMITIAL CONDITIOMNS-~

TS TH LTS 0z oo DRz T3 Rz 22 L
17.7 19.95 @.480 12,3 2.7 9.4z0 -1.6 1.5 1.915 12.4
WERTICHAL WELOCITY OF RIR FRRECEL = @ CHM-3

~=~REZLILTZ~-

TIME =H T8 TH TS FT FH O D LH GAMMA
12 @.35 21.7 14,2 I T . (7.1

T -0.12 28,7 9,53 0,204 12017
TE  GE
0,045 -0, 225
SENZ.  FAD. LAT. T ENT. @.EMT. @.TOT.
2.2 -1.0 8.2 0.457 -1.652 5.2%

HIP CoLUrk Las ﬂ”EF HHTEP 18 HOURS
DEPTH OF PBL = 1.5815 KM

SHOWFALL = 5 R

K

CLOUD AMOUNT

1]
w




VALIC: ZESEPR2-122 TO ZFSER-GRZ
-=THITIAL CONDITIOMS~-

TS TA LTS Az A DRS T= ng 2% 1
Y.7 15.68 8,508 12.2 2.7 ©8.579 2.3 1.3 1.31% 3.3
YERTICAL YELOCITY OF HRIR PARCEL = 9 ©CM-%

--RESULTS—-

TIME SH TS TR T8 RT RH OB LH GAMMA
5 B.28 21.7 3. 57,5 @.45 0.000 12,02
TE  GE

8.023 -0.127

2
)]
a
)
n
T
N

SENS. FRD. LAT. T.EHT. R.ENT. R.TOT.
1.4 -4.7 0.9 B.2 -3.34% 3.4Z

AIR CoLUMH WRS OVER NHTEP S HOURS

PEPTH OF PBL = 1.5%5 kKM

SHOWFALL = 9.8 CH

CLOUD AMOUMT = 5.4

WALID: ZFSEPEZ/-BAZ TO ZFSEF/122

-~IMITIRL COMDITIONS--
18 TH 0T 22 QA DHZ T2 Q2 2= U
17.7 13.4 @.3868 12.2 3.9 8,57 3 1.2 1.5320 2.5

5
YERTICAL YELOCITY OF RIR PRRCEL = & CM-
~~RESULTS~-
TIME SH T5 TA T2 RT FH o LH GARMMA
12 B.2a 22.¢7 15.1 5.1 -6.84 £%.4 2,45 9.008 11,56
TE RE
Q.022 -4.135
SEMS. RAG. LAT. T.EHT. G.EMT. GLTOT.
2.6 =-A.7 2.9 B.23% -A.6%5 4.21
AIF COLUMH WAS OVER WRATER 18 HOURS
PEFTH OF FBL = 1.617 KM
SHOWFALL = 8.8 CHM
CLOUD AMOUNMT = 5.4

VARLID: 130CT22-602 TO 150CT-182
--IHITIAL CONDITIONS~-~

TS TA DTS 3 LA L= TS 03 2 L
12.8 2.8 @0.354 2.5 2.5 0.312 0.0 1.4 1.57Q 12,0
YERTICAL “ELOCITY OF AIR PARCEL = O CH-S

-~RESLLTES~~

TIME €H T8 TA TE FET FH ]H LH  GAMMA
12 98.34 17.3 11.8 3.9 -0,12 £3.2 0.35 8.822 2.40
TE PE

8,922 -1.142

ZEMS FALC. LAT. T.EHT., @.EHT. @.TOT.
3 F -9.3 2.1 8.131 -A.537 3.9

HIF COLUMH WAZ OVER WATER 11 HOURS
DEFTH OF FBL = 1.639 KM

SHOWFALL = 1.4 CH

CLOUD AMOUMT 4.2

[ Iy

»)

S




VALID: 1S
~=IHITIAL
T5 TA

13.2 18.0 ©.267 18.@4 2.5 6.200 1
YERTICAL YELOCITY OF RIR PRRCEL = @ o

-=RESULTS~-
TIME &SH T2

1 @6.12 17.2 11.2

TE QE
n.811 -9.972
SEHZ. RAD.

2.4 -0.7
AIR COLUMH WRS
CEPTH OF PEL =
SNOWFALL = @
CLOUD AMOUNT =

nCTR2-
CONDITIOHS -~

207

122 TO 180CT 86l

DTz Nz A DS T

TH TE T FH o LH GAMMA
2.3 -B.84 7A.5 0,27 9,000 3,322

LAT. T.EMT. Q.ENMT. R.TOT.
R.9 f.668 -A.205 .40
OYER WATER 135 HOURS

1.648 KM

.8 CH

bl o
“w ot

YALID: 1€0CT2Z2-,12Z2 T0 170CT/BE2

--INITIARL COMD
T3 TH

12.2 1.2 08,444 8.8 3.

YERTICAL WELOC
--FESULTE--
TIME SH T8

ITINHES~~

OT= s 6A Dz T A P> tJ
3.7 9.260 7.8 8.5 1,519 11.0

ITY OF RIR PRRCEL = @A CHMs<

12 n.2Z¢v 17.2 12.4 2.4 -8.24 S91.5 9.21 0,492 D57

TE RE
8,419 -@.84%2
SEMS. FRD.
2.2 ~1.8
AIF COLUMH LIRS

DEPTH OF FBL =
ENOWFALL = B
CLOUD AMOUNT =

2.4 A.azn -~ 20
OVER WATER 23 HOURS
1.519 kM
L8 CH

4.1

LAT. T.EMT. OLEMT. CGLTOT.
g2t 2

VALID 17007220862 170 170CT 182

~=IHITIAL COND
] TA
12.% 16.8
VERTICAHL WELOC
-—RESIN TS~
TIME SH T
12 a.46 17.
TE RE
n.alg ~6,.942
SEHS. R,
1.7 -1.2

ATR COLUMM MAZ

CEPTH OF PBL =
SHOWFALL = @
CLOUD AMOUNT =

0.800 9.3 2.5 9,420 .05

ITIONS-~
DTS2 @ @A DRE TS @

ITY OF AR PARCEL = 0 CM/S
TR T= RFT  FH DO LH  GAMMA
S 11.5 £.5 -8,22 £7.2 Q.50 A.476 6.0

LAT. T.EMT. Q.ENT. f.TOT.
1.9 g.oedy =0,110 Z.40

OVER MWATER 5 HOLURS
1.420 ¥h
.8 M

2.9
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VALID: 170CTS2/127 T0 180CT/062
~=IHITIAL CONDITIOMS-
5 TA 0TS BS oA ooS TR m2 Z8 U
13,2 14,9 A.203 9.5 5.9 6,18% 9.0 4.9 1,428 16.0
VERTICAL WELOCITY OF AIR FARCEL = A CM/S
~~RESULTS~-
TIME SH T8 TR T8 RT RH DG LH  GAMMA
12 ©.15 17.2 12.9 2.9 -8.26 S4.5 4.13 4,072 S.23
TE  GE
8,910 -9, 851
SEMS.  FAD.  LAT.  T.EWT. OLENWT. £.TOT.
p.2 =1.2 8.2  @8.94% ~-G,177 : 5
AIF COLUMN LAS QWER WATER 13 HOURS
DEFTH OF FEL = 1.420 KM
SHOMFALL =  @.6 CM
CLOUD AMOUNT = 1.9
WALID: 180CTB2/122 TO 130CT Q6T
~-IHITIAL CONDITIOHS--
72 TA DTS @3 04 ©es T3 02 2= U
12.4 11,0 £@.268 9.5 3.8 B6.177 3.0 2.5 1.466 14.7
VERTICAL YELOCITY OF AIR FARCEL = B CH/G
~-PESILTS~-
TIME SH T5 TR T8 RT  FH OO LH  GAMMA
15 @.24 17.4 14,1 6.1 -9.19 36,7 9.2% 0.3243  7.76
TE  GE
8,318 -9,077
SEMS.  RAD.  LAT.  T.EMT. G.EMT. O.TOT
2.9 ~-1.5 1.5 @.674 ~8.41%  4,2%
ALR COLUMH WAS OYER WATER 13 HOURS
DEPTH OF FEL = 1.460 KM
SHOMFALL = 8.4 CM
CLOUD AMOUNT = 4.8
YALID: 1S0CT22/00Z TO 1%0CT 127
~=IMITIAL COMDITIOME—-
73 TA 0TS €% DA GRS TR @R 23 U
12.2 18.@ @500 5.2 2.5 @350 1.5 2.1 1,450 12,9
VEFTICAL YELOCITY OF AIR PARCEL = A CMr3
—-RESULTS-~
TIME SH TS TR T3 RT . RM D0 LM GAMA
12 9.3¢4 17.2 13.6 5.1 -8.15 92.% 0,43 G.652 &34
TE  GE
3,919 -9,074
SEMS.  RAD.  LAT.  T.EHT. G.ENT. @.T0T
z.% -1.2 1.9 8.5 -@.264 4,29
ATR COLUMH MAZ OVER HATER & HOURS
CEPTH OF PEL = 1.423 KM
SHOMFALL =  @.a Ch
CLOUC AMOUNT =
|
3
|
|
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YALID: 150CTRZ-127 TO Z80CT/QET
-=INITIAL CDHDITINH---
T8 TH DTS sz 0OR DRZ Ta oo 28 U
13.2 12.5 0.28¢ 8.5 3.8 09,133 5.5 2.6 1.460 18,2
YERTICAL WELOCITY OF RIR PARCEL = @ CH-S
-~RESULTS-~
TIME 84 T8 TR T2 RT FH D2 LM GRMMA
12 8,15 17.2 12,2 5.7 -8.15 84.% 0,34 0,931 7,72
TE nE
d.810 -0,062
SENS. RAC. LAT. T.EHT. QL.EMT. G.TCT.
1.1 -6.8 g.2 @838 ~-0.135 Z.56
AIR COLUMM WAS OYER WATER 14 HOURS
DEPTH OF PEL = 1.460 KM
SHOWFARLL = @a.9 CH
CLOUD AMOUNT = 2.8
YALID: 220CT32-122 TO 230CT/062
~=IHITIAL COMDITICOHS~-
TS TA DTS A5 0A DRSS T2 oz 28 i
12.2 18,8 6,264 9,2 5.4 B.555 0.9 3.3 1.54% 5.3
YERTICAL ”ELﬂCITY OF RIR PARCEL = O CHM/3
~--RESULTE~
TIME SH TS TH 2 RT FH DR LH  GAMME
12 9.14 16.2 18,3  @.3 -8,14 100.1 §.12 9.111 19,67
TE RE
Q.022 -a,845
SEMS. RAC. LAT. T.EMT. GLEHT. Q.T27
1.2 -2,5 1.2 8,368 ~§,233%  1.19
AIR COLUMM WAS OWER WMATER 11 HOURS
DEPTH OF PBL = 1.635 KM
SHOWFALL = 2.0 CH
CLOUD AMOUNT = 3.9
WALID: 220CT2z2/R9Z2 TO 2Z0CT- 122
~=IHITIAL CONDITIOHE--
T3 TA DTS Qs 0AR g T2 (AICT 1
12.6 4.9  B.23T 3.8 .0 9,23F -4.5 2.6 1.565 8.2
VERTICAL WELOCITY OF AIR FARCEL = @& CHMsT
~-FESULTE~~
TIME 4 T3 TR T2 RT RH DO LH  GRMAA
13 8.32 16.6 7.7 -9.2 -0.13 27.2 0.2% 4,034 11,12
TE GE
0,047 -8,19
SEHMZ. FRD. LAT. T.EHT. CLEHMT. &.TOT.
.9 =1.3 8.6  @.423 -1.126 2,22
AIR COLUMM WAS OYER WATER 12 HOURS

UEPTH OF FEL
SHOWFALL = @,
CLOUD RMOUNT

1,885 KM
B CH
2.9

it

L“‘—"——-——-—_—_—_____
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VALID: 240CTE2-002 TO 240CT/15L
=~IMITIAL COMODITIONS--
T2 TA DTS 05 A bas  TE n3 oZ8 U
12.4 0.0 9. 580 9.8 /.8 8,250 -4.5 9.7 1.32% 14.7
VERTICAL YELOCITY OF RAIRE PARCEL = & CHOZ
-~RESULTS~~
TIME SH T3 TA T2 RT FH Do LH GAMMA
12 B.66 16.2 E.E 2.1 -@8,17 &87.5 B.47 O.283 a.e2
TE RE
0.022 -8.165
SEHS. RAG. LAT. T.ENT. Q.EHT. @.707
6.7 -1.1 a.7v 0,332 -A.726 4.59
AIR COLUMM LRSS QWER WATER 2 HOURS
DEPTH OF PEBL = 1.612 KN
SHOWFARLL = A0 CH
CLOUD AMOUMT =
YALID: 240CTEZ-128 TO 28007082
-=INITIAL COMDITIDHZ—-
TS TA DTS N R DRE T s 28 1l
12.3 15.2 @.468 9,0 1.5 8.236 4.5 2.4 1.585 1%.2
VERTICAL WELOCITY OF AIR PARCEL = 9 CHM/3
~~RESULTS-~
TIME <H TS TH TS RT FH oo LH  GAMMA
12 0.09 1.3 14.7 4.4 -9.16 2.3 8,28 4,473 .22
TE RE
0.80% ~B.672
SEHMS. RAC. LAT. T.EHT. G.EMT. &.707.
-6.1 -1.4 fq.2 g.08d4e -3.22% 4,11
ARIF COLUMH WAS OYWER MWRTER 1o HOURS
DEPTH OF FBL = 1.325 KM
SHOWFALL = 8.6 CH
CLOUD RMOUHT = 4.4
YALID: 2S0CT22-60Z7 TO 230CT-182
~=-IHITIAL COMDITIOHZ—-
T3 TA 0T= Nz oA ez T2 e Z2 ]
12.3 5.8 0,365 3.4 2.5 6.215 4.5 4.4 1,320 11.7
YERTICAL YELOCITY OF RIFR PARCEL = 8 CM-S
~=-RESILTE~-
TIME £H TS TA = ET FH D LH GRMMA
12 Q.26 6.3 S 2.9 -0,24 53201 0,30 8,280 B2
TE e
f.003 -0,.6862
SEHM=, FAD. LHT. T.EHT. GQLEHT. 2,T0T.
4.3 -2.2 1.6 09.037 -@.430 4,43
AIR COLUMM LIAS D”FP WATER 13 HOURE
GEPTH OF FEL = 1.536 KM
SHOMFALL = 8.4 CM

-
e

CLOUD AMOUNT
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CLOUC AMOUMT

13.

2.9

|
: VYALID: SHOW22/007 TO =Hﬂ“-1’“
f ~—IHITIAL COMDITIOMS-
T3 TA 0TS ms AR DS T2 03 Z2¢ I
18.5 2.8 ©.33% 2.8 £.2 H9.20% S.0 5.9 1.540 S.o
YERTICAL WELOCITY 0OF RAIR PRECEL = & CM-S
—-=RESULTS—~
TIME SH TS TA T2 FT FH D LH  GRMMA
12 B.17 14.2 7.3 4.9 -9.20 22.4 0.0% 0,067 £.44
TE RE
9.602 -2,917
S5EMZ.  RAD. LAT.  T.EMT. G.ENT. ©G.TOT.
1.5 =~2.1 8.4 @9.0%5 -£.112 06,82
AIR COLUMH WAS OVER WATER 12 HOURS
DEPTH OF PEL = {.549 KM
SHOWFALL = 9.0 CH
CLOUD AMOUMT = 2.2
VALID: SNOVS2-.00Z TD SHOY- 18D
~=IHITIAL COMDITIONS-—
T5 TH DTS 0 DA DeS T2 02 2% i
16.2 4.8 ©.444 7.2 3.0 09.255 -4.5 2.7 1.433 11.9
VERTICAL WELOCITY OF AIF PRRCEL = 0  CH %
~—RESULTE~—
TIME €H TS TR T2 RT PH O LH  GRMMS
12 6.2% 14.2 7.4 ~1.1 -8.15 %6.7 9.25 0,251 19,29
TE GE
Q.03 -@,.0872
SEMZ.  RAC,  LAT.  T.EMT. @L.EMT. @.70T.
2.8 -1.4 1.5 B.284 -@.472 2,27
AIR COLUMH WAS OVER WATER 2 HOURS
DEFTH OF PEL = 1.586 KM
SHOWFALL = 8.9 M
CLOUD AMOUMT = 2.0
VALID: SHOVEZ/127 TN 1nno” QEZ
—=IMITIAL COMDITIONS-
TS TH oTS GE GR  [RS T2 05 zZ2 1
0.8 2.8 .21 7.5 2.5 0,165 -3.5 2.5 1.485 12.0
YERTICAL YELOCITY OF AIR PRRCEL = 2 CHAS
—~RESIULTS-~
TIME SH T3 TH TH RT PH 00 LH  GAEMMA
1% A.456 12.9 2.9 2.6 -9.16 102.4 @.23 2.23%7 10,45
TE 0E
Q022 -3, 069
SEMS. FRAD.  LAT.  T.EMT. G.EHNT. 0.TOT.
.0 =2.5 2.3 B.251 ~3.7S3 T, 45
ATF COLUMH WAS OYER WATER 14  HOLRS
DEPTH OF FEL = 1.625 KM
SHOLFALL = 2 M
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VALID: 16H0V2Z-002 TO 16MOW /122

-=IHITIAL CONDITINHE--

15 TA LTS s 08/ Oz T Iz 2% 8
19.8 2.8 Sppcicic 7.5 5.9 @.,132% 1.9 5.8 1,489 12,3
YERTICAL ”ELUCITr OF AIR FARCEL = 2 CHM-Z

——RESULTS~~
TIME SH TS TH TS FT FH [ LH A
12 g9.42 14.8 2.3 8,5 -3,13 121.9 o,14 9,213 e
TE RE
B.825 -0,.8601
SEHZ, RED. LAT. T.EHT. ©2.EMT. G.TOT.
4.7 =2.4 2.9 A.=24% B, B2c 1.22
AIR COLUMH WAS OYER WATER 12 HOURS
DPEFTH 0OF FBL 1.455 KM
1
a

1w

SHOWFALL = 1% M
CLOLD AMAUNT = 2.0

YELID: 18HOWR2-.122 7O 11HOY 052
--INITIAL CONDITIOHS--

T3 TH OT= 0z A LS T £g 25 1
14.8 4.3 B.444 7.5 2.2 fa,z2=2 1. 2.5 1.+18 17,5
YERTICAL YELOCITY OF AIR PRRCEL = & CM-/S

—-~RESULTS~~

TIME SH TZ TA T2 ET FH [ LH GHMMA
12 Q8,25 14.0 3.5 B, : .
TE fE

9.0324 -0, 057

SEMS. RAC. LAT. T.EHMT. R.ENT. 0G.TOT.
8.2 =3.2 2.4 B.332 -R.235 2.69
AIF COLUMH WAS OWER WATER 2 HOURS

CEFTH DF FBL = 1.4835 KM
SHOWFALL = 13.8 CH
CLOUD AMOUHT = 2.0

YALID: 1THOWE2-BEZ TO 17HOY/122
-=INITIAL COMDITIOHS--
TS TR DT B3 A OGS TR 68 28
9.8 4.9 8,267 7.1 2.% 0,153 4, 5
YERTICAL YELOCITY OF AIR PARCEL = 1.5 CF
~~PESULTZ~~
TIME 84 T35 TR T2 RT FH D0 LH  GRHhE

12 @42 12,8 ~1.1 -1.1 -8,23 327,53 0.132 0,144 )

TE E
@.08% ~-0,0324
SEHS. FAC. LAT. T.EHT. RQ.ENT. GQ.TOT.
5.5 ~1.6 G.5 o.ac2 6,174 1.27
AIP COLUMH WAZ OWER WATER 15 HOURS
CEFTH OF FBL 1.24% KM
SHOWFALL = .8 CH
CLOUD AMOUMT 2.4

= ll‘




VALID: 1SNOYS2 122 T 18HOY/BET

~=-IMNITIAL C TIONZ -~
TS TH LTS s GA Loz
2.3 11.06 A. 267 7.1 5.2 890152
VERTICAL YELQOCITY OF AIR PRARCEL = A
-=-RESULTS~-~
TIME =H T5 TR T3 RT
%)

12 0.06 12.9 19.2 .2 -@.13  25.
TE  GE

P.383 -3.914

SEMS. EAD.  LAT.  T.EMT. @.EMT.

n.1 ~-1.1 @.1 B.022 -B.673
RIR COLUMH HAS OVER MWATER 135 HOURS
DEFTH OF PEL = 1.54@ KM
SHOLFALL = B.68 CH
CLOUD AMOUMT = 2.1

WALID: 13NOVRE-sael 7O 1SN0V 12D
~=IHITIAL COMDITIOHZ--
TS TH OT= BICHYI Les
8.7 6.4 3. 504 £.7 4.9 G222
WERTICAL WELOCITY OF AIR PRRCEL = B
~=RESULTS-~
TIME 3H TS TH Ta FET
13 @A.1% 12.7 £.0 =2.9 =012
TE LE
B.823 13,0473
ZEMS. RAD. LAT. T
1.2 -8.2 8.1 a.
AIR COLUMH LIRS OYER WAT

HT. GL.EMT.
? -0, 125
2 HOURS

DEPTH OF FBEL = 1,355 KM
SHOWFARLL = 6.9 CH
CLOUD AMOUMT = 8.2

YALID: ZIHOWEZ 122 TO ZENOY/B6Z
—~IMITIAL CONDITIONS—-
TS THA DTS 0% O D05
2.5 8.8 0.444 £.2 £.8 0,256
YERTICAL YELOCITY OF AIF PARCEL = @
~~RESULTE-~

TIME ZH TS TH T BT
12 8.25 12.5 S.R 0 -0.7 -0, 14
TE neE

@.919 -a,813

SENS. F'H[' LAT. T.E} |T oL EMT.

1.5 -1 8.3 B.095  -@,6074
AIR FOLUMH WAS O 'EP HATER 9 HOURS
DEFTH OF PEL = 1.518 KM

SHOWFALL = 8.0 CH

CLOUD AMOUNT = 4.8

TS 1z 25 1
1.9 2.4 1,535 5.2
CHMAc
on LH GAMMA
4 @A,.96 6,044 2,22
Q.TOT.

.52

T2 [ ZE L
-3.0 2.4 1.512 7.4
LMoz

oR LH GAMMA

£3.1 @.13 @042 10,85

0. TOT.
.96

L LH GAMMA

2v.1 G3.1%5 8,124 2.5

S BLTOT.

@87
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VALID: Z22HOVE2,.002 TO 22HW./132
==IMITIRAL COMDITIOMIS--
TS TH 0TS QS R DS T8 o2 Iz U
3.4 1.6 0,354 £.3 4.7 B.20%2 ~11.9 8.3 1.485 11.5
YERTICAL YELOCITY OF RAIR PARCEL = 9 CH.3
—=RESULTS-~
TIME ¢€H T2 TA TS RT RH o LH  GAMMA
18 8.32 12.4 5.8 ~£.2 -0.12 93,2 6,21 4,162 1Z2.94
TE fE
9,945 -@, 196
SEMS. RAD. LAT. T.EMT. GQLEHT. &.TOT.
4.1 ~1.2 1.4 A.5e4 -=1.321 I
ARIR COLUMH MAS OYER WATER 11 HOURS
CEPTH OF FBL = 1.55%5 KM
SHOWFALL = 8.8 CH
CLOUD AMOUNT = 9.9

[

YRLID: Z3HONE2-12Z TN 24MOV-/0RZ
-=INITIAL CONDITIOMZ--

TS TA DTs NS 0GR DRs T na Pt 1
2.3 4.0 A, 444 fF.2 1.8 B.z25 -11.A4 Aa.6 1.515 12.2

&
VERTICAL WELOCITY OF AIR PARCEL = B CHM/3S
-~REZULT S~
TIME £H T8 TA T= RT FH ) LH  GARMMA
12 A.22 12.3 .3 -7.7 -0.82 101.7 8,34 Q.22 .22
TE GE
9.6845 -3, 198
SEHZ. RAD. LAT. T.EHT. Q.ENT. RQ.TOT.
2.6 ~A.3 1.1 f.512 ~1.611 2,82
AIR COLUMM WAS OWER MATER % HOURS
CEPTH OF FBL = 1.685 KM
SHOWFRLL = 8.4 CM
CLOUD AMOUNT = 2.9

oy

VALID: 2SHOVE2/-80Z TO 23N/ 182
-=IHITIAL COMDITIOHZ=-

T3 TA 0TS Nz R RS T2
7ed a.a f.400 .2 2.6 0.2z -5
VERTICAL YELOCITY OF RIR FARCEL = 3 CM~

~-RESLLTE -~

TIME &H TS TH T3 RT FH KK LH GAMMS
12 B.26 11.4 2.8 ~3.6 -4,16 857.35 0.19 0,128 3,22
TE GE

0,823 -a.8972

SEME. RAD. LAT. T.EHMT. QUEMT. @&, T0T.
3.5 =-1.1 0.3 8.255 -9.3222 1.73

AIFR COLUMH LAS OWER WRATER 10 HOURS

DEPTH OF PEL 1,525 EM

SHOWFALL = B CcH

CLOUD AMOUNT 7.3

LU ]
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VALID: 29MOVSZ2/122 TO ZOHOW- GEZ
-=INITIAL COMDITIONZ——~
T= TH DT= s GA oS T2 o3 o= i
r.d 2.8 3.444 £.2 1.% 0284 .4 1.1 1,454 13,2

YERTICAL YELOCITY OF IR PARCEL = & [CH/3

-=~RESULTSZ-~

TIME =H T3 TA TE ET FH cr LM GRMMA
i3 ©8.3% 11.4 4.8 2.2 ~G.16 &9.2 B.27 B.134 9,35
TE QE

2.024 -9.119

SEMZ. RAD. LART. T.EHT. COLLEHT. £,TOT.

3.4 -A.2 h.2 B.111 -G.362 2.61

AIR COLUMH WAS OYER WATER 2 HOURS

DEPTH OF PEL = 1,518 KM

SHOWFRLL = &.8 CM

CLOUD AMDUNT = 5.3

VALID: 120CT82-66Z TO 120CT-1238
-=IHITIAL COMDITIOMS-~

TS TR DTS ns oR Doz T= 2 Z5 1
4.4 12.49 A.aas 10,8 2,9 o000 12,0 4,5 1,578 2.0
VERTICAL WELOCITY OF AIR PARCEL = o CM-3S

-~FPEZULT S~

TIME 3H TS TH T2 FET FH cor LM GRMMA
12 -.94 14,4 1.5 16.7 -4.04 47.£ 9,00 9,000 e
TE CE
g.a991 -9.991

SENS. RRC. LAT. T.EHT. EGLEHT. OLTOT.

-8.2 -0.7 0.9 a.gz1 -f,611 7,23

AIR COLLUMM LAS OYER WATER 1% HOURS

DEPTH OF PEL = 1.578 KM

SHOMWFALL = a.a CcHM

CLOUD AMOUNT = 8.9

VALID:« 120CT2Z2-,002 TQ 120CT-122
-=IHITIAL COMDITIONS~-

T3 TH LTE s 0GR Les T2 ns = i
Z.4 4.8  g.000 9.6 2.0 @9.000 14.0 3.3 1.508 7.5
VERTICAL YELOCITY OF AIR PRRCEL = & CM-5

—-=RESULT S~

TIME ZSH T= TH T rT FH pn LH GAMMA
12 8.94 13.4 12.2 12.2 -9,34 34,5 2,02 0,000 g, 1
TE GE
8,001 -0, 002

SEHS. FAL. LAT. T.EHT. 0QL.EHT. RQ.TOT.

-A.1 -8.7 ", a a.azr -a.gz4 N.£9

AIrR COLUMM WAS OVER LWRTER 16 HIURS

DEPTH OF FPEBL = 1,300 KN
SHOUFALL = a.o oM
CLOUD AMAUMT = &,
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VALID: SOCTSZ.807 TD SOCTA187
==IHITIAL COMDITIONS=~-
TS TA DTS s QA Des T 0 s i
12.8 12.9 A, 167 2.5 2.8 4,122 1.4 4,8 1.4 3.5
YERTICAL VELOCITY OF RIR PARCEL = @ CHMsS

—=RESULTS -

TIME ZH TS TA TR BT FH Do LH GAMMA
12 -.82 13.8 15,3 e 2.1 g.94 G, 804 4,35
TE e
8.081 -09,.881

SEMS. RAC. LAT. T.EMT. GQ.EHMT. Q.TOT.

-1.9 ~@.7 a.a A.821 ~-0.a17 0,472

AIR COLUMM WAS OYER WATER 12 HOURS

DEPTH OF PBL = 1.548 KM

SHOLFALL = 8.6 CM

CLOUD AMOUNT = 9.9

VALID: 24ZEPE2-00Z TO Z4ZEFR-122
—=IHITIAL COMDITIOMS-—

T5 TA DT @5 0OA Dz TE o3 <8 U
14.2 12.4 8,233 1d.9 7.3 3,422 16.4 4.4 1.09 15.4

YERTICAL WELOCITY OF AIR PRARCEL = & CM-3

~=FESULTE-~

TIME SH T8 TH T8 RET FH oo LH GRMMA
12 @8.85 (V.2 1&.3 2. -804 S2.T 6.13 0,064 B2

TE GE

9.901 -0.002
SENS. FHD. LAT. T.EHT. CGLEMT. G,TO7.
-3.6 -A,7 a.9 R.eZ22 ~9,016 B.25
AIR COLUMH WAZ OVER WATERE 3 HOURS
DEPTH OF FEL = 1.508 KM
SHOWFALL = 8.0 CN
CLOUD AMOLIMT = ©.09

YARLID: 110CTE2-,122 TQ 120CT 062
-=IHITIAL COWDITIONZ--
T2 TA oTe s GA Loz Tz
11.2 17.6 A, 294 2.8 7.5 O.z200
WERTICAL VELOCITY NF AIF PRRECEL = 9 Crf
-=RESLTE--
TIME 2H TS TH T2 RT FH oo LH  GRMMA
12 -.@32 14.2 14.7 2.7 -9,04  FPLI 0,09 0,000 T.43
TE CE
o.0601 -9,.092
SEHSZ. FRC. LAT. T.EHT. @L.EHMT. @.T0T.
-1.7 =-8.7 a.4 n.Ez1 -a,921 Q.29
AIF COLUMH WAZ OYER WATER 15 HOURS

= q_ﬂ ny
* -
1;|_;l [in
ol
—
gy
[
Dk
1

CEFPTH OF FBL = 1.544 KM
SHOWFALL = 9.9 CH
CLOUD AMOUMT = @. 0
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VARLID: 22ZEFP=2.-807 TO 23ZEF-122
==IMITIAL CONDITIOHS--
T3 TR 0TS £ 0GR DOS T a2 I8 il
1.8 15.8 Q.260 19.5% 2.0 0,260 .2 4.9 1.518 7.%
YERTICAL ”ELGCITY OF AIR PARCEL = 0 CH-3
-=FESULTS~
TIME SH TS TH 73 ET FH oo LH  GAMMA
13 8.3 12.8 15.1 €.3 =8.04 77.7 Q.13 g.060 7,73
TE RE
Q.001 -0.084
SENSZ. RAD. LAT. T.EMT. GQLEMT. 2.TOT.
a.2 -A4.7 8.9 P.921 =-QA.826 1.84
AIR COLUMH WAS OWER WATER 15 HOURS
DEFTH OF FBL = 1.51G@ KM
SHOWFALL = 6.6 CHM
CLOUD AMOUMT = @.a
WALID: 232EPZZ-08Z TO 25ZER/18Z 3
-~IHITIAL COHMDITIDNZ-- :
15 TA LTz ﬂS HA - DAS T @z Z2 U i
7.7 21.6 Q.88 13.2 3.2 8.6800 12,9 .8 1,520 2.5
WERTICAL YELOCITY OF RIR PARCEL = © CM-3
—=FESULTE-—
TIME SH 15 TR TE ET FH L LH o GAMMA
12 -,62 7.7 12,6 12,1 -6.84 62,2 0.44 p.opd 2,67
TE HE
0.0d1 -0, 08z
SEHS FAD. LAT. T.EMT. G.EMT. ©LTOT.
-B.? -3.7 2.4 g.8az1  -3.822 8,87
AIR COLUMH WAS OVER WRTER 12 HOUES
CEPTH OF PEL = 1.3528 KM
SHOWFALL = a.a PH
CLOUD AMOUMT = 0. @
WALID: 11HOWEZ-082 TO 11HOY/182
~=IHITIAL COHDITIOMS—~
T” TA LT= pz R RS TS o Z| i
.9 B.e 857 7.5 1.5 @,22% -1.6 2.0 1.410 20,4
”EPTIPHL YELOCIT OF AIF PARCEL = 1.5 Mg
--RESULTS-~
TIME =H T3 TH T RT FH ple LH GHMMA
12 1.1z 132.2 2.5 1.5 -@.22 180,32 9,50 8,323 a.T=
TE oE
A.Az4 -4,144
SEMHZ. FHD LAT. T EHT. GWENT. GLTOT.
3.4 -1, S E 244 -0,7321 2.V

ATF COLLTH RS OYER WATER
DEFTH 0OF PEL
SHOWFALL =

CLOUD AMOUNT

7 HOIURS
= 1,
g.2

T2 KM
;H
= 2,9




WAL IL: S4HOWEZ G6T TO Z4H0V/ 122
~=IMITIAL COHDITIONS~-
T5  THA TS @2 oA DR TE @R 23U

el

2.1 -5.0 0,434 B.7 8.3 B.2%58 -13.3 8.3 1,523 1Z.e

VERTICAL WELOCITY OF AIR FRRCEL = O CHMAZ

--FESULTES -~

TIME £H T3 TAH 15 FT FH L LH GAMMA
12 8,37 1z.1 1.7 =5.3 -8.14 53,3 Q.23 [,222  12.48
TE HE
A.043 -8,173

SENZ. FAD. LAT. T.ENT. CLEMT. RQ.TOT.
£.8 -1,z 1.5 9.332 -1.a04 2,31

AIR COLLMM LAS OVYER WATER 2 HOURS

DEFTH OF PEL = 1.£15 KM

SHOWFALL = 6.6 CH

CLOUD AMOUNT = 2.9




24-HOUR FORECAST RESULTS

VALID: 1ZMOVM21-062 Tﬂ 1 2HON B2
=~IHITIAL COMDITIOHZ-

TS TH OTS QS A Doz Ta Bk ZE 1l
1.6 19.09 [ 5 D] 2.3 2.6 A.004 2.8 2.2 1.5%9 5.8
VERTICAL ”ELDCITr OF AIR PRECEL = @ CHI/S

~-RESINLTZ—-

TIME £H T3 TH TS RT FH 0o LH GAMMA
24 A.68% 13,4 18,3 Z.2 -9.084 £2.4 0,14 2.6569 £,31
TE RE

a.181 -9,005

SEHS. RAC. LAT. T.ENT. GLEMT. @ TOT.

1.1 =-8.3 8.9 B8.825 ~0.04A 1.9_

RIR COLUMH WAZ OYER WATER 12 HOURS

DEPTH OF PBL = 1.528 KM

SHOWFALL = 4.8 Ch

CLOUD AMOUNT = 9.0

VALID: 1PHOVEL-88Z TO 12OV 0602
-=IHITIAL COMDITIONS~~

T2 TA DTS @S DA DRE T 0% zg U
5.3 -£.8  B.17E 7.5 1.6 M.654 =7.5 1.7 1.51S 7.9

VEPTIPHL YELOCITY OF AIR PRRCEL = A CHMA3

-=REZULTS-

TIME £H T3 TA T2 RT FH N LH  GAMMA

24 Q.27 12.%9 f.1 ~1.4 -8.1% 28.¢ 9.15 B. @852 3,45
TE LE

A,022 ~-@,08%

l.ﬂ

SEMS. PHU LAT. T.EMT. CLEMT. ©,TOT.
T.3 2. 8.9 8,567 -3,994 2.8%

RIF CDL”MH MAS OVER WATER 17 HOURS

DEPTH OF FBL = 1.679 KM

SHOMFRLL =  @.6 CM

CLOUD AMOUMT = £.6

WARLID: 18HOVEL-06Z TO 19HOVY-68Z

~=IHITIAL COMDITIQHS--
T5 TR DT= s oA DRs T 3 P> 1
.8 5.4 &, qoa 3.1 2.8 9,069 a.9 4.8 1,326 5.%

L

YERTICAL WELOCITY OF RIR PRRCEL = @ CH~

~-RESILT -~

TIME & T3 TA TR FT FH D LH GAMMA
24 @.16 12.2 BV 1.7 -@.12 1a1.2 1,12 9. 1632 Tend
TE RE

L1

9,003 -0, 824
SENZ.  RAD.  LAT.  T.ENT. @.EWT. o.TOT.
2.8 ~4.5 2.1 0,234 -@.208 2,24

AIR COLUMH WAS OYER LARTER 14 HOUEES
CEPTH OF FEL = 1.5%7 KM

SHOWFARLL = 7.2 CH

-
[ad

~J 0=
.

CLIUD AMOUNT =




WAL ID: 2VHOYSL-88Z TO 22HOY 862
~=IHITIAL COMDITIOMWE—--

TS TH DTS s oA L T= EE 23 \J
2.5 -1a.n clrar 5.2 6.9 A,138 ~15.5 3.2 1.53% 12.6
VERTICAL “ELUCIT. 0F AIR PRARCEL = @ CM-/3
~-RESLTS--

TIME ZH T3 TA T T RH ct LH GAMHMA
24 A.A3 11.5 8.1 -&.4 -,15 37.2 B.22 9,166 11.7¢
TE LE

9.044 ~0,17&

SEME. FRD. LAT. T.EHMT. CGLEMT. Q,TOT.

2.1 -1.49 2.1 9.733 =1.328 3.21

AIR COLUMH WAS OYER WARTER 11  HOURS

CEFTH OF PEL = 1.6435 KM

SNHOWFARLL = 8.2 CM

CLOUD AMOUHT =

WAL ID: SHOVEL-12Z2 TO SHOW-12Z
-=IHITIAL COMDITIONS~~

T5 TR CTS as WH Doz T3 nz 23 1
11.4 5.9 f8.278 2.5 1. 3 15@ 7.0 1.3 1,245 T.4
YERTICHL WELOCITY OF RIE FHFlEL 1 CMes
~=FESLL TE--
TiME SH TS TH T FT FH D LH  GAMMA
24 8,25 14.4 S.6 ~6,32 -0.04 25,7 Q.07 9,068 1Z.7<
TE RE

G.022 -g.001

SEHS. FRD. LAT. T.EHMT. QGLEHT. ©£LTOT.
2.7 =-4.3 @.a 0,528 ~9.122  -G,a82
AIF COLUMH WAS OYER WATER 11  HOURS

CEFTH OF PBEL = 1.&35 KM
SHOWFALL = 6.8 CM
CLOUD AMOUHT = 9.4

VALID: 14HOV22-122 70 15H0Y-122
==~IHITIAL COMDITIOMSZ--
TS TA LTE L=
3.3 1.4 Q. aan 9. ______
—~FFTULT——-
TIME 3H TS TR T2 ET FH L LH GRMMA
24 @,ze 12.3 .9 1.9 -3.,17 82.% 9.0c 4,021 2022
TE rE
a.310 -9, 024

SEMS. FAC. LLAT. T.EMT. Q.EMT. G.TOT.
2.7V =-1.2 9.0 A.0346 =0, 080 0,a87
AIR COLUMH WAZ DYWER WATER 12 HOURS
CEFTH OF FBL = 1.568% KM
ZHOMFALL = g3 M
CLOUD AMOUNT = 2.1
T — aticia




]l""""'""""""'-"-l'llllllllllllllIlIll!llll!llllu---.-...,..,.._______,_1!

221
VALID: 17HOVS1/127 TO 18MOW/122
==IMITIAL CONDITIONS--—
T3 TR LTS SR N = T o ¥ T2 D2 2= U
2.2 3.8 B.228 - Y.5 1.7 B.13ZF ~2.5 1.4 1,525 &.:
VERTICAL VELOCITY OF AIR PARCEL = B LCMAS

~-RESULTE-~ 3
TIME SH T3 TR T3 RT  FRH DX LH  GAMMA
24 B8.27 12.2 5.3 -8.2 ~0.1% 21.9 6.1% @941 2,57

T. 0.707T.

g4 2,42 :
AIF COLUMN WAS OYER WATER 12 HOURS '
CEFTH OF PBL = 1.535 KM i
SHOMFALL = 8.6 CM

CLOUD AMOUNT = 2.6

SEMS.  RAD. LAT. T.EMT. 0.EH
3.3 -1.9 8.0  B.036 -5.0

WALID: ZIHOVELA12Z TO 26HOY,122
-~IMITIAL CONDITIOHS~-=
T35 TR LTS RS A LRz Ta na 28 L
11.2 190.8 g. a0 2.2 3.9 @.6008 -1.% 2.5 1.510 5.3
VERTICAL VELOCITY OF AIR PRECEL = O CM/5
~-FESIL TS~
TIME Z2H T2 TH T2 RT FH L6 Ld GrirA
24 8,84 11,57 19,1 =1.4 -6.13 181.2 0.95 @, 067 2,22
TE RE
g4, 007 -2,0813
SEMS. ERD. LAT. T.EHMT. 0Q,ENT. ®R.TOT.
.2 -3.1 2.8 23R ~B,254 1.3%
AIR COLYMM WARS OYER HHTEP 26 HOURE
DEPTH OF FBL =
SHOMFARLL = £.2 EM
CLZUD AMOUNT S0

YALID: 27HOME2,122 TO 28HOY.-122 '

——IHMITIAL COMDITIOHS-- ﬁ
15 TA 0Tz s R DS T2 63 Z5 U
3.6 -2.8 B.132 £.3 1.7 0,024 -16.5 0.5 1.5

WERTICAL WELOCITY OF AIR PRRECEL = 8 CMrS

~=FESULTS-~ |

TIME SH 15 TR TS RT FH DR LH GRMMA
24 P.4E 11,6 3.8 -2.% -@,1¢ 83,6 0,19 A,023 9,17
TE nE

g,021 -0, 162

SEMS.  RAD. LHT T.EMT. OQLEHT. ®.70T.

2.8 =-1.7 0. A.427 =1, 260 c.on

AlR COLUMH WAS ﬂ¢EP WATER 15  HOURS

DEFTH OF PBL = 1.635 KN

SHOMFALL = 8.0 CH

CLOUD AMOUNT = 4.4

i




|
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VALID: 3DECS1.,687 TO 40EC/09Z
-=INITIAL COMDITIOHS—-

TS TA DTs s OF Dies TS s k] L
16,3 3.4 &, S5 2.8 3.2 Q.8600 5.7 2,2 1,335 A.0
VERTICAL YELOCITY OF AIR PARCEL = © CM/S

--EESULTS——
TIME SH T= TA TR T ) K LH GARMMA
24 a.1% 18,92 .8 -4.7 -B,17 Q€& @3.02 6,020 19,088

TE 2E

A.68z21 -, 845

SEMS. RHD LAT. T.EMT. ®R.EHT., Q. TaT.

2.8 <2.5 a.2 B.e32 -3,644 1.5z

AIR COLUMH WAS n“EP WATER 16 HOURS

DEPTH OF PEL = 1.71% KM

SHOMFARLL = 8.4 fH

CLOUD AMOUHT = 2.6

YARLID: 4DECS1,.802 TO SLECAOGZ

-=IHITIRL COMOITIOMS~—~
TS TH oTa Gs QA ¥laks TS L Rt i
7.7 =7.4 g, 122 .5 1.2 2,693 1.8 3,2 1.5%1a 18,9

VERTICHL YELOCZITY OF HIR FHFEEL = B ©ICHsE

~—FESULTS-~

TIME =H TS TH TS T [ﬁ LH GARMMEA
24 0.47 18.8 ~1.6 ~4.8 -, 15 83.5 .12 8,654 9,25

TE e

8,922 ~6.832

SEHS. A . LAT. T.EHMT. G.EHT. £.TOT.

£f.7 =-1.4 a.2 H. 431 -ﬁ (3 2,55

AIR COLUMH LIRS OVER WRATER (2 HDUF"

DEPTH OF PBL = 1.820 kM

SHOWFALL = w.8 CH

CLOUD AMOUMT = 4.5

VALID: SDECB1/7862 TQ fDEC-AEZ

—~IHITIAL COMDITIONS--
TS TH DTS s GH prs Ta 25 2= 1
6.6 ~7.08 A, 560 . 1.1 @.228 -11.5 B.6 1,535 11,0

YERTICAL WELOCITY OF AIR PARCEL = B G

~~RESULTS--

TIME =H TS TH T RT DG LH GRMMA
24 9.81 1B.6 ~=Z.2 -&.7 -A.64 T2.3 24 3,000 11,00

TE RE

o, 022 -09,.979
JEHJ. FRD. LAT. T.EHT. 0Q.EHT. o.TOT.
1 -68.2 a.a 8,525 -Q.14453 1.34
HIP SOLUMH MAS OYER WATER = HOLRS,
DEPTH OF FEL = 1.&£15 KM
SHOMFARLL = B.0 CH
CLOUD AMOUMT = 5.3




VALIG: SDECS1/88Z TN T[E QanT
~~INITIAL COMDITIOHS-

T3 R 0TS QS oA Dos TS
':'or' ':JQCJ g ::: P.:.ﬁ 1-:‘ E’QI‘:'O —":--'
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YERTICAL WELOCITY OF AIR PRECEL = & CMs/3

~~RESULTS~~

TIME SH T2 ™™ ‘
24 8.21 10.6 4.4 =35.1 -6,

TE QE

A.022 -0,875

SEHS. RHC. LAT. T.EMT. GLEHWT. o,
2.2 -1.3 a.4 g. 158 -3,433

AIF COLUMH WAS OYER WATER 12 HOURES

DEFTH OF FBL = 1.610 KM
SHOWFALL = 8.9 CH
CLOUD AMOUNT = 2.8

YALIC: ?DEC31,.B0Z TO 2UEC 44
~~IHITIAL CONDITIOMS-~

T= TH OT= NS GR Lo T2
£.4 =f.8 6,333 .6 1.8 §.1536G -11.
VERTICAL I"EL""'IT.’ OF RIR FRRCEL = & M.

~=-FESULTE-
TIME SH TS TH T BT FH

(K LH GAMAA

L5 B017 B.123 0 16,34

TOT.
56
(B L8 i
G 1.6 1.560 12.€

¥R} LH GRMMA

24 8.351 9.7 0.2 =~4.8 -6,17 181.9 9.24 9,242 2L,ET

TE CE

0.0223 -9,

g

B7
SEHS. RAD. LAT. T.EMT. EGLENHT. GLTOT.

€.2 =36 oy §.283  -Q,7e8 2.5%

~~~~~

AIR COLUMH WRS O”EP HHTEP 16 HOLIRS
DEPTH OF FEL = 1.537 KM

SHOWFALL = 2.4 CM

CLOUD AMOUMT = 2.8

YALID: ALECS1/00Z TN SLEC/BAZ
~=THITIAL COMDITIONE-—
TS TA 0TS @8 GR_ DBE T3

2 ;.-H 0-: 'lf 5-‘3‘ 1. 7 3. 1:.“ -,
”ErTIrHL VELOCITY OF RIR FARCEL = B8 CH-z

~-RESUL TS~
TIME 4 T¢ TH T% RT  RH

24 9.21 1a.z LB -2.2 -B.13 2h.a8
TE ~E

Q. 009 ~a, 840G

=] -
LY Pl !

1.2 1.510 7.5

ot LH SARMMA

0014 0,040 [EIRCICy

e e

SEME. FAG. LAT. T.ENT. GLENT. 0.T0T.
2.3 -1.1 7.1 a.045 -a.11x 2.02

AIR COLUMH WARS OVER WATER 15 HOURS
DEPTH NF FEL = 1.320 kKM

SHONFRLL = £l.5 CH

CLOUD AMOUNT =
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YALID: SDEC21-.002 TO 12DEC-0GZ
—=~THITIRL COMDITIONS—-
T3 TR oTS 2 A pns Ta e e 1
A1 z.0 A.2168 5.7 1.6 B.824 -2.5 1.2 1.559 €.4
VERTICAL VELOCITY OF AHIR PRRCEL = 9 CMAS
-=FRESINTS—~
TIME SH TS TAH T T FH o LM GRMHE
24 B.12 14a.1 .7 -E.S -3.12 22,1 9.12 8.877 v.04
TE QE
8,009 -3.041
SEHS. RAD. LAT. T.EHT. GLEMT. B.T70T.
2.9 ~1.7 a.3 2.977 -0.25%5 2.2%
AIR COLUMH LA OVER WATER 12 HOURS
DEPTH OF PR = 1,550 KM
SHOWFALL = 8.6 N
CLOUD AMOUHT = .4
VALIG: 1GDEC21.-.807 TO 110EC G002
-~IHITIAL COMDITIOMNS--
T5 TA (1 ] s A Las TS e e il
=.9 2.8 A3, 258 9.9 2.2 8,112 -2.9 2.0 1.5%0 5.0
VYERTICAL YELOCITY OF AIF FPRRCEL = 82 CHM/S
—-=RESULTS——
TIME SH TS TA Ta RT FH [ LH GHMMA
24 B.1% 14.8 2.5 =2.1 -@a,15 82,3 .89 4,031 T.e2
TE nE
a.0603 -g,02?7
SEMS. RPAC. LAT. T.EHT. ,EMT. @.TOT.
7.8 =1.2 B.1 @.852 -6,104 1.26
AIR COLUMH WAZ OVER WRTER 1S HOURS
CEFTH OF PEL = 1.5%50 KM
SHOWFALL = g.a CH
CLOUD AMOUMT = 1.5
YALID: 4DEC21-/122 TO SDECA12Z2
==IMNITIAL COMDITIOMS--
TS TA 0TS RIS W Los T2 LS o) 1
.92 -1.4 @A.2113 .1 1.2 @108 -11,.8 6.6 1.925 7.9
YERTICAL WELOCITY OF AIR PARCEL = @ Ch-3
~=RESILTS—-
TIME ZH TS TR T T FH oAl I.H LEMHA
24 B8.22 1a.2 .2 =R E -f.ed4 TS B.16 0,001 11,59
TE fE
g.621 -8,.074
SEMS. RAC:. LAT. T.EMT. G,EMT. 0GL.TOT,
4.7 =-1.1 3.1 B.enz  —-1,.335 2.3
AIR COLUMH HAS QVER WATER 12 HOURS
DEPTH OF FEL = 1.715 kM
SHOWFALL = 9.0 CH
CLOUD RAMOUMT = 8.2




WALID: 20EC31/12Z2 TQ 20EC/1Z2Z
-=~INITIAL COMDITIONS--

TS  TA 0TS 05 fA [0S TR @3 Do U
£.2 -5.8  G.318 5.2 1.2 £.156 ~5.5 1.4 1.54%9 10,3

VERTICAL YELOCITY OF AIR PARRCEL = O CM5

~—RESILTS--

TIME SH T% TR & RT RFH OB LH  GAMA

24 B.45 18.2 .4 -1,1 -6,13 25,4 9,17 8,122 7.I7
TE RE

8,862 -0,0841

ZEMS. RAD. LAT. T.EMT., Q.EMT. Q.TOT.

6.5 =1.5 0.2 0.453 ~-@a.177v 2,33

AIR COLUMH AT OVER WATER 13 HOURS

CEFTH OF FBL = 1.£8% KM

SHOWFALL = 8.2 LM

CLOUD AMOUMT = 2.2

WALID: 14DECE21/12Z2 TO 13DEC/122
-=IMITIAL COMDITIDHS--

TS TA LT= Lz A Ta i rigsd |

b= |
T.4 -4.8 g, 560 5.5 €.2 @G.z280 -lz.4 1.0 LSan 154
YERTICAL WELOCITY OF AIF PRRCEL = E Crss
~-RESULTS~~

TIME SH T= TH T2 RT FH Lo LH GAMMH
24 ©8.524 5.4 1.2 =-e.7 -6.14 166.1 6,31 8,335 12,55
TE CE

8,022 ~@.921

SEMS. RAD. LAT. T.EMT. 6LEMT. @707
4.8 -1.4 1.3 G.EES  -B.66F .40
RIF COLUMH WARS OVER MATER 2 HOURS

CEFTH OF PEL = 1.616 KM
SHOWFALL = 8.4 C1
CLOUD AMOUNT = 5.4

VALID: 19DEC21-.127 TO 26LECA122
-=THITIAL CONDITIONS~—~
75 TH 0TS oS GE L5 T2 13
5.2 =-4.09 A, 4658 5.5 1.8 @280 -4.3 8
YERTICAL WELOCITY OF AIR PRRCEL = @ CHMs2

—-RESULTS-—
TIME 4 TS TR T8 RT FH DO LH  GAMMA
24 B.S€  S.2 1.E  @.7 ~@.04 £3.5 9.26 9,950 5,80

TE OE
9,001 ~a. 087
SEHE, FHD LAT. T.EMT. @LEMT. G.TOT.
5.1 -8.3 2.0 B.0Z% -0.345 2,32
AIF PHLUHH WAZ DOVER WATER 1o HOURS
DEFTH OF FEL = 1.50@ KM
SHOWFALL = 2.8 CH
CLOUD AMOUNT = &.08
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VALID: 2UDECZL/12Z TN 21DEC/122
~~INITIAL COHDITIONS--
1S 1A LTS G5 of ORE T @ 2% U
5.1 -2.0  9.250  $.2 2.9 9,125 -2.8 1.3 1.518 7.4
VERTICAL YELOCITY OF AIR PARCEL = & (1%

--RESULTE~

TIME SH T= TA T2 ET FH O LH  GAMMA
24 A.26 3.1 1.2 1.2 -R.64 £5.5 8,132 6,006 35.28
TE RE

A.031 -B0.085

SEHZ. RAL. LAT. T.EMT. GLEMT. G TOT.

4.1 =-@.%2 a.4q 8.023 ~0.054 2,85

AIR COLUMH WAS OVYER WATER 16 HOURS

DEFTH OF PBL = 1.3518 KM
SHOWFALL = 8.8 CM
CLOUD AMOUMT = 8.9

YALID: EZLECE1-/122 TO Z4DEC/122
--IMITIAL COHCDITIOMNS--

T3 TR LTS RS 68 oS T2 03 ZE 1
5.8 =~4.4 @.25d 5.9 1.2 8,125 ~7.5 2.6 1.3608 2.5
VERTICAL YELOCITY OF RIR PARCEL = 8 LM~z

——RESUL TS~

TIME &H TS T8 T3 FET FH B LH GRMME
24 89.22 9.9 1.9 -2.5 -9.84 7.5 8,14 0,609 V.ED
TE [E
a.001 -0, B8as ‘
oEH” RAL:. LAT. T.EHT. G(.EHT. RQ.TOT.
5.3 -8.% B.0 A.9Z% -0.855 230

ARIE COLUMH WAS OVER WATER 1& HOURE

CEFTH OF FEL = 1.558 KM
SHOWFALL = 9.0 CH
CLOUD FAMOUNT = 8.08

YALID: 2ZEDECS1/127 TO 230EC/12Z
-~IMITIAL COMDITIOMS--
T3 TR DT= A
4.7 -g.06 (S IO 15115 b
YERTICAL WELOCITY 0OF Al

I NE ons T [ ot 1
.2 8.7 8,199 ~1%.3 &,
B FARRCEL = @ CHeE

~~RESULTZ—~

TIME &H T5 TR T= FT FH [ LH  GRMMA
24 @.45 9.9 -2.% -7.5 -9.g4 T7.T 0013 9,089 11.4%
TE RE

g.a23 -0.475

“EHT. FRC. ILAT. T EHT. OLEMT. 0,707,

S.5  ~8.3 2.9 1. 542 ~@, 844 Z. 1T

HIP FHLH”H WAS OVELR HHTFP 12 HoURs
DEFTH OF FEL = 1.600 KM
SHOWFALL = a.0 M

CLOUD AMOUMT = 7.4

¢
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YALID: 1JAMS2/067 Tn 2 IRAH-B0Z
-~IHITIAL COMDITIOMS--
TS TH DTS ©8 A DS T8 oz Z2 U
4.4 -P.8  @8.230 5.2 1.5 B.150 -3.9 0.3 1,458 7.0
VERTICAL VELOCITY OF AIR PARCEL = @ CM/3
~~RESULTS~-
TIME 4 T2 TR T RT FRH DO LH GAMMA
24 B8.36_ 8.4 =3.2 -5.2 -0.04 E7.3 0013 9,000 3,132 S
TE  OE
8.0811 ~9.631
SEMS. RAD.  LAT. T.EMT. OLEMT. @&.TOT.
4.4 -0.9 8.4 @276 -0.Z33  1.99
AIR COLUMH WAS OYEF WARTER 12 HOURS
DEPTH OF PEL = 1.576 KN
SHOWFALL = @.@ CM
CLOUD AMOUNT = 8.8
YALID! 2UANE2/06Z TO 3 JAM/0EZ
~=~INITIAL COMDITIONS--
TS TA DTS 6% COA_ DRSS 73 63 22 U
5.2 6.9 @.000 £.8 4.5 @.000 0 £.0 0.3 1.538 2.2

VERTICAL VELOCITY OF AIR PARCEL = & N3

~=RESLLTS~

TIME 3H T8 TR T8 RT  RH  [D LH  GRIMS

24 B8.97 8.3 5.3 -9.Z ~f.@d 32.7 0.02 9,900 T.82 ;
TE  CE ;

9,001 -0, 502
SEM3.  RAD. LAT.  T.EWT. @.EWT. OLTOT.

@.7 @9 8.9  9.628 -@.831  B.51 !
AIR COLUMM WAS OYER WATER 24 HOURS !
CEPTH OF PBL = 1.520 KM |
SHOWFALL = 6,9 CM
CLOUD AMOUMT = 9.9
VALID! 4JANBZ/A0Z TO SIRH/GOZ
-~IHITIAL COMDITIONS~

T TA BT 08 6 ©OOE T 63 5 U
4.1 =138 = 8.238 5.0 6.5 @ 116 -12.9 6.2 1.508 &.8
VERTICAL YELOCITY OF AIR FRRCEL = @ CHoS
-~RESULTE--
TIME SH T3 TR T RT RH DO LH  GAMMA
24 8.51 6.4 -3.8 -F.0-0,04 FV.1 Q.17 B.000 0 2,20
TE GE

9,611 ~@.933
ZEWZ. RAD.  LAT.  T.EMT. Q.EMT. @.TOT.

.7 -9.4 2.0 £.273 -p.262  1.96
AIR COLUMH WAS OYER WATER 16 HOURS

LEPTH OF PEL = 1.537 KN
SHOWFALL =
CLOUD AMOUMT

a.8 oM
= 1.7
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VALID: SJRM2Z2-.00Z TO 2JAH0AZ
-~IHITIHL COMDITIOMS--

TS TH 0 2 oS AR [ =
2.8 -8.8 A, 440 4.3 1.5 @.13¢ 3.6
VERTICHL “ELH(ITr 0F RIR FPRRCEL = .5 CMs%

-~FESULTS~
TIME =H TS TA T& rT RH D LH GARMMRA
24 RA.6% 7. 3.5 a8 g.16 2,132 a.GH
TE GE
g.918 -B,827
SEHS. FHD. LAT. T.EMT. @LEMT. D.TOT.
c.1 -1, a.s @, 05 ~@. 163 1.36
HIP CDLUHH LRSS OVER MWATER 2 HOURS
DEFTH OF FEBL = 1.,44% KM
SHOWFALL = B.O cH
CLOUD AMOUHT = 3.7

[rx]
1
AN
-4J
I

Pex}

VALID: 9JAME2,89Z TO 18.IRH-083
~=IMITIAL COMDITIONZ--

T3 TR TS 65 GR  Cos T8 o 28 U
7.5 0.8 9.609 6.3 3.3 0.000 -2.5 1.4 1.458 5.9
VERTICAL YELOCITY OF MIR PARCEL = .5 CH/S
~-RESULTS~-
TIME SH 5 YA T2 RT RH D@ LH GAMMA
24 8,20 7.8 -1.1 -3¢ -0.04 63D 0,06 0,090 7.26

TE RE

Gq.0081 -8,4a83

ZEME. FAC. LAT. T.EMT. G.EMT. &.T0T.
2.4 -B.3 B.0 f.aze —@.935 1.14

RIF COLUMM WRS OVER MATER 16 HOURS

CEFTH OF PBEL = 1.334G KM

SHOWFALL =  B8.8a rn

CLOUD AMDUNT = 8.9

VALIG: 18JRAMHEZ/-060Z TO 11JAH-DBZ
-~IHITIRL CGHDITIﬂna—-

S TAR OTE s &R Laos T I % B
7.7 1,9 G, mnn .5 2.5 6,066 .8 2.7 1.468 2.

WERTICAL WELOCITY OF AIR PRARCEL = @ CM-S

o

—-RESULTS--

TIME 84 T% TR T8 RT FH [P LH GAMMA

24 8.19 7.7 2.8 7.8 -0.04 S2.8 0,10 6,603 -8.10
TE  RE

g.aa1 -0.004

SENS. FAD. LAT. T.EMT., GLEMT. .T0OT.
2.7 -8.32 g.a A.820 -0, 034 1,49
AlR COLUMM WARZ OYER MATER 12 HOURS

GEFTH OF FBL = 1.458 M

SHOWFALL = Q.68 CcM

CLOUD AMOUNT = @.9
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VALIC: 11JAHS2,-087 TO 12 J08M-20aZ
-=IHMITIAL COMDITIDHS-=
T"~ TA oTE NS QAR ks T3 3 2o i
Z.7 ~15.8 8.448 . 4.2 B,3 G,1%0 -22.4 8.2 1.450 12.2
VYERTICAL YELOCITY OF AIFR FRECEL = & CH/S
—-—RESI TS~
TIME ¢&H a2 TA T2 RT RH L LH  SAMMA
249 9.22 7.7 ~5.2 =1z2.2 -8,.14 100,32 @,22 9.283 132.68
TE RE
8.0847 -0,.151
SEHMS. RAD. LAT. T.EHMT. GQ.ENT. 2.T0OT.
2.1 -1.5 1.5 A.797 -B.237 2.5%
ARIFR COLUMH LIRS OWER WATER 9 HOURS
DEFPTH OF PBL = 1.540 kM
SHOMFRLL = 1.7 Ch
cLOUD AMOUMT = 9.8

VALID: 1Z2JAM3z-.0807 TO 12.1AM/ 297
—=IHMITIAL COHDITIOHNS~-

TS TA OTE 0z GA DS T2 (A 2% U
2.6 -17.08 B.444 4.2 8.3 @.13% -20.5 2.5 1.56849 13.0
WERTICAL WELOCITY OF RIR FRRCEL = @ CHM-Z
==FESULTS~~
TIME £&H T3 TA T3 Y RH o LH GAMMA
24 a.ze 7.5 =7.3 -19.3 -0.17 23,4 .28 8,183 12.235
TE LE

9.6843 -0, 144
SEMS. FRD. LAT. T.EHMT. 0Q.EMT. 0Q.TOT.
8.4 -1.7 1.4 B3.742 ~B8.83%
RIF COLUMM WARS OWER MRATER 9 HOURS
DEPTH OF PEL = 1.5%8 KM
SHOWFALL =  @.2 CM
cLauG AMOUMT = 2.4

I

VALID: 13JAMsZso00Z TO 14 JAH- 002
==IMITIAL COMDITIOHZ--

T3 TA oT= s LA Do TE sz L5 1
:315 -1419 E’.q-@r,‘j 4-.J 614 B-l?g -Zg g.: 1-42:8 11-:_

VERTICAL YELOCITY OF RIR PRECEL = @ CM-
-=REZLL_TS~
TIME =2=H TS TR Ta FT FH 08 LH GAMMA
24 #.88 .0 =51l -1201 -9.1T 592,35 B.22 0,128 S.27
TE CE
0.846 -0, 1352
SEHS. FAD, LAT. T.EMT. QLEMT. Q,T0OT.
7.2 -1.5 2.3 a.621 -g.2%2 2,29
RIF COLUMH AT OVER WATER 19 HOURS
DEPTH OF FBL = 1.%20 KM
SHOWFALL. = 5 B LH
CLOUD AMOUHT = 2.0
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MARLID: 140RMH22-63Z TO 15JAH 082
=~IHITIAL COMDITIOHZ--
T3 TR DTZ RS ooR DRS T nz Z3 U
Vet —4.0 g. 600 6.2 1,2 9.0 -7,5 1.5 1,478 2.¢
VERTICRL WELOCITY OF AIR PRRCEL = .73 CHM-3

=-RESULTS~~
TIME SH T2 TH T= T FH Lo LH  GAMM
24 Q.35 7.4 -4.F7 =-2.Z ~B.13 23.2 6.12 9.150 1
TE LE
0.623 -0.830
SENE. RAD. LAT. T.EMT. GLENT. G.TOT.
.3 =1.7 1.6 A.e12  ~-3,367 1.47
AIR COLUMH WAS OVYER WATER 7 HOURS

CEPTH OF FEL = 1.548 KM
SHOWFARLL = ©.4 CH
CLOUD AMOUMT = 9.9

YALID: 15.AMa2.-002 TO Z2aJAN,99Z
--IHITIAL CONDITIOHEZ-~
TS TR OT= ns A Do T2 o2 Z8 L
3.7 -15.8  9.444 4.8 8.4 4,187 -15.5 8.5 1.473 14,3
WERTICHL I’ELfJf"IT( OF RIR PARCEL = @& CH~
-=FESULTE

[ I}

TIME &H T8 TA Tz FT FH 0 LH GAMMAH
24 .32 7.3 -E.3 -6.3 -8.28 85.1 8.23 0,185 3, zz
TE CE

g.a22 -g.95%2
SEHE. FAD. LAT. T ENT. BQLENWT. G.TOT.
2.3 ~-1.3 B.32 B.574 -6,545 2.44
HIF COLUMH WAS OVER WATER 2 HOURS

CEFTH OF FBL = 1.555 KM
SHOWFALL = @.8 CH
CLOUD AMOUNT = 4,5

WRLID: 11JAMEZ-127 TO 12JANH/ 122
~=IMITIAL PDHDITIDH-—-

T5 TH DTS N oA Doz T2 a3 P I
3.6 ~14.89  @,22Z2 4.2 5.2 0,029 -Z5.0 6.2 1,470 2.2
WERTICAL “YELOCITY OF RAIR FARCEL = @ CH/S
—-—RE S TS -

TIME &H T2 TA T
24 B.42 T.6 =Z.% -14
TE NE
g, o4 -0, 125
SEMZ. FARD. LAT. T.EHT. G.EMT. Q.TOT.
1.2 ~1.3 1.8 8.4 -1.52% 2,21
AIR COLUMH WAS OVER MWATER (2 HOLES

o ET rH (K1 LH GRMME
L9 =-8.19 1o, 2 0017 2.672 15.22

[y,

CEFTH OF FBL = 1.6508 kKM
SHOMFALL = 3.6 CH
CLOUD RMOUMT = 3,0
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VARLID: 12IRME2-.122 TO 28JRMZ122
==THITIAL CONDITIDHS -~
T3 TR DTS Q: R R TS 15 Z=
4.3 =4.8 g. 140 .2 1.9 na050 -2.0 0,7 1,428 2.0
YERTICAL WELOCITY OF AIR FRECEL = 9 CHMs%
-~RESULTS—~
TIME £ZH TS T4 TS FT FH D LH SAMMA
24 8,24 7.4 A.S =-4.5 -@.,17 91.2 9.19 6.0357 5.0
TE oE
A.00% -0.6845
SEHS. RAD. LAT. T.EHT. R.ENT. &.T0T.
5.8 =~-2.09 B.6 H.122 -G.411 2.71
AIR COLUMN MRS OWER WATER 22 HOURS

CEFTH OF PBL = 1.522 KM
SHOWFARLL = B.@8 FM
CLOUD AMOLNT = 4.5

YWRLID: Z28JAHZZ/127 TO 27J8NA122
~=1ITIAL PﬂHDITIDH--—
T3 TA LT= s 2R DS Tr e e i
2.1 ~-8.4 [, zez 4.2 0.4 9,115 =20 G 4.4 1.59% 10,5
VYERTICAL WELOCITY OF AIR PRRCEL = @ CHMAS
—-RESUL TS~
TIME =H TS TH T2 FT FH [ LH GAMMA
24 9.33 Tel =1.5 «132.5 -4.10 101.72 @.20 5,100 1
TE fE
B3.944 -0,124
SEHE. RHD.
6.8 ~1.%

LA T.EMT. EGLEMT. .TOT.
1 .
AIR COLUMN WAZS O
1.
f

T
e A. 754 -1.172
JEF WRTER 13 HOURSE

Y
o
[

CEPTH OF PBL = 235 KM
SHOWFALL = 2.4 CH
CLOUD AMOUNMT = 3.4

YALID: EFEEZ2/08Z TO FFEE 00T
--INITIAL CONDITIOHS-~
TS TA TS 05 @A Dpos T8 @2 Z3
2.9 -18.9  0.222 4.5 6.5 9,053 -14.1 8.4 1,900 11,0

YERTICAL ”ELUCIT( OF HIF FARCEL = @ CM/=

~-FESULTS-

TIME 4 TS T@ T& RT FH 00 LH  GAMMA

24 B35 6.3 -1.4 =7.5 -@.15 955 0L17 40104 2.8%
-

0,022 -~@,0%5
SEHE. RPRG. LAT. T.EMNT. GLENT. 0.TOT.
2.7 =z2.1 1.2 n.S74 -1.27% DL

AIF COLLMM HAS OYER MWATEFR 13 HOURS

DEPTH OF FPBL = 1.57Z EM

SHOUFRLL = 0,0 FH

CLOUD AMOUNT -

i
(]

2
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WALID: 12FEBB2,122 TO 1ZFER-12Z
~=IHITIAL COMDITIOQHS--
TS TR DT s R RS T8 Bz ZE U
3.2 2.8 @298 5.9 2.0 6.674 5.0 1.9 1,549 4.7
YERTICAL VELDCITY COF RIR PARCEL = @ CH-Z

-=RESJLTE~~
TIME SH T8 TH T =T FH Dl LH GARMMA
24 8.48 6.2 2.8 ~£.2 -8.11 232,92 6097 Q.6022 2,47
TE RE
Q. 063 -a,028
SENS. FAD. LAT. T.EMT. RL.EMT. @.T7T0T.
8.8 =-1.1 &, 8,844 ~Q.054 8.3
AIR COLUMM WARS OYER MATER 15 HOURS
DEPTH OF PEL = 1.55% KM
SHOMFALL = 8.0 CH
CLOUD FAMOUNT = 2.6




APPENDIX H

EXAMPLE OF A SNOW FORECAST
FOR SEOUL, KOREA

WALID: 1SCECS1-6GZ TO 1S0EC-1ET CSEOUL. KOREAY
~-THITISL COHDITIONS--
T:  TA DT mE_GA  DRE TR @2 Iz U

S.5 ~5.8  A.18E 5.7 8.8 BUB4E -12.95 6.3 1,453 12,9
VERTICAL VELOCITY OF AIR FRRCEL = 2 CHeS

—BESLT S

3 RT RH L LH LAMMA

T
1 68.94 9.6 =4.4 =-11.2 -@.84 52,9 90.4%5 9,000 12,09
2 f.23 3.7 -3.% -11.4 -3,84 T4.3 T oaLE 11.20
2 A8,8% .28 -3,2 -10.7 2,15 91,2 : B,z 11,22
4 Q.7 9.9 -2.4 -3.3 Q.15 1092,1 2 A,475 16,37
s a7z AU 1.2 =22 -a,158 185,08 a,z4% 10,52
OSP4 .1 —-1.2 =5.7 -0,1% 167.4 0,400 18,729
T A.82 6.2 =@, 7 8.2 -Q2,15 1@%5,& a,a7
o g.53 f.d =03 TR -0, 1c 135, 4 a7
2 Q.58 £.5 .1 =7.4 ~-@_.15 104,55 2,55

19 0,54 £ 5 fg,4 =F.1 -9, 1° 104, 5 2,47

11 .52 2y Q.7 -G E —@.lf 1683, 7 9, 3m

12 @a.54 £, o A2 —-F£,5 9,15 16834 2,21

TE E
Q0253 ~-f,099
SERS, D, LAT.
2.2 ~=1.8/ 3.2
RIF COLUMH MAZ OVER UHTF
LEFTH OF FPEL 1.557 KM
FRECIF MATER @, % GRRMI
SHOUFALL = CEE My
CLOUD AMOUNT 9.

“l—l

~1.6031 I.oT

JEMT.  GLEMT. @, TOT.
o mmd
o1 HOURE

Baou o

'—L




